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I. Introduction 
Populations of song sparrows (M elospiza melodia (Wilson)), as with most 
passerine species of similar ecology, show irregular fluctuations of numbers 
of varying magnitude. The frequency and intensity of these fluctuations pre-
sumably reflect annual and seasonal changes both in the general environment 
and the properties of the populations. 
The present project was started in 1960 to investigate the ecology of a 
local population of song sparrows of the race M:m. morplma (Oberholser), 
inhabiting .M:andarte Island, along the Pacific Coast of Canada. The general 
problem was to determine the factors causing fluctuations in numbers, and 
those factors that prevent extreme fluctuations in any direction. Although the 
investigation was broad, involving factors both in the environment and within 
the population itself, attention was focused on qualitative and quantitative 
changes occurring in the population and their role in a self-regulatory mechanism. 
As the study proceeded, it was found that abundance of song sparrows on 
Mandarte Island, although with some yearly fluctuations , was maintained at 
an unusually high level when compared with populations in the same general 
region and other areas over the North American continent. This extreme diffe-
rence in density of song sparrows between the Mandarte Island and neighbour-
ing populations defined the more specific problem: what were the factors that 
determined the abundance of song sparrows within the study area, and caused 
different average densities at different localities? 
The study of this problem required an e.~amination of other islands in the 
neighbourhood. The investigation was concentrated on differences in environ-
mental conditions both on l\Iandarte Island and elsewhere in the area with 
special attention to habitat differences, and also on the behavioural adaptation 
of song sparrows to the local conditions. 
These two basic problems, one specific and the other general, determined 
the organization of this paper (cf. CmTTY, 1960). Although a brief background 
information on the general ecology of song sparrows was essential, most in-
quiries were centred on two aspects, (1) the difference in the response of song 
sparrows to varying environmental conditions, and (2) changes in the qualita-
tive and quantitative properties of the population on :\Iandarte I land and 
their role in self-regulation. 
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II. Study area 
1. General information 
a . Geography.- The study covered a section of the Canadian Gulf I slands archipelago 
situated between the southeastern tip of \'ancouver I sland , British Columbia, and 
Washington, U.S.A. The area of investigation was approximately 120 km2 (10 X 12 km) , 
bordered on the west by Vancouver Island, and on the east by the international boundary 
between Canada and the United States (Fig. 1}. It extended northwards to Pre\·ost Passage, 
and Sallas Rocks were the southernmost islands visited. 
The study was centred on Mandarte I sland, at latitude 4. 8°38' r and longitude 123°17 'W. 
The island is situated along the eastern boundary of the area, separated from islands in 
the Un ited Sta t es section of the archipelago by the 5 to 8 km wide Haro Strait. Most small 
islands north of l\fandarte were regularly visited to check their resident song sparrow 
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populations. In the centre of the area lies Sidney I sland, the largest island in the neighbour-
hood, and because of its size, only spot checks were made there. James and Coal Islands, 
where permanent human settlements h ave affected the natural habitats, were omitted 
from the investigation. Special attention was paid to Halibut Island, ea. 1 300 m to the 
south of Mandarte Island, since, being the closest island to l\Iandarte, it represented the 
first stop on the way of song sparrows that emigrated from the main population. 
b. Geology. -Most small islands in the area are outcrops of rocks that originated in 
the Upper Cretaceous, and are dominated by conglomerate sandstone and shale (Geological 
Survey Map of Biritish Columbia). Ker Island and a few isolated sites on Sidney Island 
are composed of Upper Jurassic granodiorite, while the southernmost section of Sidney 
Island is characterized by Lower Jurassic volcanic rocks. 
Recent alluvial and marine deposits mask the Mesozoic bed rock of James and Sidney 
Islands and some of the smaller islands. Brown podzolic, concretionary b rown, and also 
acid dark brown and black forest soil types are typical of well-drained positions, while in 
depressions and other poorly drained situations peaty and immature alluvial soil often 
predominates (RowE, 1959) . 
c. Climate.- The region is situated within the rain shadow of the Olympic Mountains 
in northwest Washington State on the south, and is sheltered on the west by the mountain 
range following the length of Vancouver I sland. The climate is moderate throughout the 
year reflecting the proximity to the Pacific Ocean, and is characterized by mild maritime 
conditions during winter, and by relatively dry summers. The monthly daily average 
temperature, calculated from 48 years' data, is 16.6°C in July and August, and 3. °C in 
January, with an average annual temperature of 1 0°C. The mean annual precipitation is 
/44 rnm in the area. (Dat a were obtained from the Meteorological Station on James Island, 
ea. 6 km to the west of Mandarte. Detailed information for the period 1960 to 1963 is given 
in Appendix I) . 
Temperatures in '1960 and 1962 did not deviate significantly from the monthly means. 
In 1961 and 1963 the first half of the year was warmer than usual, while the second half 
of 1961 was slightly colder. Precipitation at the beginning of the year and early spring 
was relatively high in 1960 and 1961, while dry weather characterized the rest of the eason 
in both years. On the contrary, precipitation was r ather low during the first half of the 
year in 1962 and 1963, with a relatively wet autumn in 1962. 
Heavy frost very rarely occurs in the area, and snow, ii any, does not cover the island 
for more than a day or two. The only exception occurred in 1962 when a snow storm, un-
precendented in intensity and by its late occurrence in the season (as far a available 
meteorological data indicate), resulted in a nearly 400 mm snow-cO\-er in early March 
(Table 1). The snow stayed on the islands for four days. 
d. Vegetati011 . - The study area is part of the Coast Forest Region (RO'I\'"E, 1959), and 
constitutes a section of the Gulf Islands Biotic Area (111 :t-."lW & CowAx, •1947) . The vegeta-
tion is typical of the mild maritime climate and the generally dry and warm summers. 
The prevailing forest is of Douglas Fir (Pseudotsuga menziesii,) coyering most island 
In the area. Associated with it are arbutus (Arbtlfus menziesii) , and Garry oak (Quercus 
garryatta), especially in well drained situations. Another frequent species is the Rocky 
Mountain juniper (]unipenls scopulorum), particularly in arid fields on some of the island . 
Grand fir (Abies grandis), red alder (Ahms mbra), broadleaf and Douglas maple (Acer 
marcrophyllum and A. glabn1m), and a few western red cedar (Thu ja plica/a) also occur in 
low, poorly drained situations. 
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TABLE J . W inter snowfall in the area dt{ring the study, with particulars /01' the 1961 /62 season. 
Height (mm) 
Duration (days) 
Annual 
mean 
279 
Total snowfall 
1 ')59/60 1960/ 61 1961/ 62 
1/5 122 57 1 
1961 / 62 
1962/63 Febr. March 
6 4. 178 
2 
393 
4. 
TABLE 2. Habitat zones on Jl!andarte I sland, with area measurements. 
Habitat zone Hectares Percentage 
a. Shrubbery 1.41 22.5 
b. Grasslands 3.50 56.0 
c. Cliffs, rocky beaches 1.35 21.5 
Totals 6.26 100.0 
2. Mandarte Island 
~Iandarte , together with the small Imrie Island, differs markedly from all other islands 
in the area. The most conspicuous difference is the simplicity of the vegetation, both in the 
low number of species represented, and also in its structural compactness and almost 
complete lack of vertical stratification. 
The conglomerate sandstone block of the island is elongated (Plate I ), 708 m long and 
with an anrage width of 88 m. Within its area three distinct h abitat woes may be recogni-
zed (Fig. 2) that have been described in preliminary publications (TOMPA, 1962, 1963). 
Area measurements of these zones and the total area of )!andarte (Table 2) were obtained 
from aerial photographs, and control measurements were t aken on the island at various 
localities. 
legend: 
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N 
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F IG RE 2. Mandarte I land; the zonation and distributional pattern of vegetation. 
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a. Shrubbery.- The bend shaped shrubbery zone is centra lly situated, ";than a \·erage 
width of 15 metres, and follows the longitudinal axis of the island along a depression. At 
places where more soil h as accumulated in pockets, the shrubbery spreads towards the 
northeastern cliffs, breaking the intervening grassland on that side of the island into 
isolated sections. Apart from these extentions tha t are otherwise contiguous mth the 
central shrubbery, there are only a few small isolated patches of shrubs scattered oyer the 
southwestern side of the island. 
The zone is a mixture of various deciduous shrubs (for a detailed floristic lis t of the 
island see Appendix li). most of them berry producers. :\!ost dominant are the waxberry 
(Symphoricarpus alb~<s). wild-rose (Rosa sp. ), ocean spray (Holodisws disco/or,) and the 
Saskatoon berry (A melanchier florida). 
The shrubbery in most places is dense with a closed foli age one t o t wo metres above 
the ground. The vertically growing stems of the most dominant shrubs are, however, 
widely spaced (bunches of stems 10 to 20 cm apart), leaving the ground underneath open 
throughout the year (Plate II). The profile of the shrubbery is made uneYen by small 
trees and higher shrubs emerging over the foliage a t several places (Plate lii). 
There is only one section of the island where an extension of the central depression 
supports a small group of taller trees, including 8 specimens of Douglas and Grand firs 
(10 to 25 m high), and two arbutus. These trees are widely spaced leaYing the upper 
canopy open, and light can freely penetrate to the lower strata. 
The shrubbery is sharply separated from the bordering grassland, although some grasses 
and weeds penetrate the shrubbery to give a thick ground cover along the edge. 
b. Grassla"d covers 56% of the total area of the islan d. It extends along both sides of 
the shrubbery zone, interrupted by the latter only a long the XE side. 
The soil layer is very thin, although rich in n a tural fertilizers. The island has been the 
breeding ground for various sea-bird colonies for a t least the last hundred years (A...'mERSOX , 
1916). The accumulation of guano and other organic m aterial brought to the island by 
these birds has greatly influenced the composition and growth of the grass: thus a few grass 
species and herbs are dominant , although many others, present on neighbOtuing island 
are absent (Appendix II). 
Gulls also influence the composition of the vegetation by 'grass-tearing', a natural 
phenomenon during courtship, aggressive displays and nest -building acth;ties. The effect 
of grass-tearing is not unlike the effect of continuous grazing, fa,·ouring perennial or other-
wise more tolerant forms. 
Gr asslands on Mandarte are dominated by three species of gra es tha t are abundant 
in varying proportions at different localities, depending on the condition of the soil (Bromus 
carinatus, H ordeum murimmt and Elynms vancouvereusis). The growth of thee grasses is 
very vigorous and dense from the start of the rainy season in the autumn until the spring. 
They grow in tufts, often reaching ·120-1 50 cm height , thus lea\;ng the ground uncovered 
around them and facilitating the movement and feeding of song sparrow (Plates IY, \'). 
All of these grasses have a high seed production. 
c. Cli ffs, following the SW shore are steep, 15 to 25 m high . Along the :1\E shore they 
are of lower elevation, 2 to 5 m high, and are skirted by a 0 to 10 m mde trip of rocl.·-y 
beach. The cliffs are barren of any vegetation, although some soil has accumulated in 
small depressions around the cormorant colonies. 
In addition to the three main habitat t ypes, there is another zone that plays part in the 
life of song sparrows, i.e. the tidal zone. Its size ,·aries with tidal movements, and therefore 
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has been excluded from the total area of the island . At m ean low tide it increases the area 
of l\Iandarte b y approximately 15 % - Rocks in this zone are thickly covered by barnacles, 
limpets, a nd a n assortment of other m a rine inverteb rates, and sea-weeds. 
3. Other islands 
\ 'egetation on the remaining islands that have been visited conform largely to that of 
the genera l biotic area. 
Sm a ller islands m ay be characterized by xeric grasslands a t exposed places, dominated 
by I 5 to 30 cm high grasses and herbs . In depressions with a humid microclima te the 
growth of various gr asses and herbs is 50 t o 80 cm high and very dense. The ground is 
completely covered, being inaccessible t o b irds feeding on the ground. 
Shrubs on these isla nds, instead of extending over a n area in a compact and continuous 
zone, are broken up into sm all , isolated p atches or e\·en single shrubs (Pla te VI ). scattered 
throughout the grassland. The foli age is sparse, usually with stems growing r ad ially, and 
there is little, if a n y , concealing cover at ground level along the edges. (For floristic d at a 
see Appendix Ill). 
Larger isla nds in the ar ea are completely or p artia lly covered by mixed woods. The 
stratification of the veget ation is well developed, and the number of plant species represent-
ed is rela ti vely high. The combined result of these two factors is the greatly increased 
di\·ersity of the h abitat when compared with tha t on . Iandarte I slan d (Appendix I\') . 
IlL Study method 
l. Observation periods 
The study began in ~fay 1960, an d ended in August 1963 . The population on Mandarte 
I sland was observed continually from ~fay to August inclusive during the first three years, 
and through part of the summer in 1 963 . Between each summer a nd the subsequent breed-
ing season shorter (3 t o '• days) visits were p aid to the area nearly every month. Checks 
were made on neigh bouring islands in every month in the summer , and occasion ally through 
the w inter season. 
2. Trapping and marking 
Marking of song sparr ows was carried out during the summers up to mid-August 
every year. :lfost birds were captured and m arked before they had completed their post-
juvenile m oult, i. e. as fledglings and juveniles. Some birds were marked as adults, espe-
cially in 1960 when the s tudy commenced. Relatively few nestlings were marked because 
the disturbance of nests led to premature fledging and t hus to increased fledgling mortality. 
1fore than 95 % of the birds were captured in Japane e mist-nets laid along trails in 
U1e shrubbery, the remainder being caught a t the campsite in the cabins and wire traps. 
Trapping and m arking ca used little disturbance to individuals in the popula tion . There 
were only t wo casualties among more than 2,000 captures a nd recaptures in four years, 
and both were juveni les. 
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All birds were marked with a regular aluminium service band supplied by the Canadian 
\\"ildlife Service at Ottawa. In addition, every individual received one to three colour-
rings in various combinations. Thus birds could be identified on the field with the use of 
binoculars without being recapture~ . 
In 1960, 55% of the adult population was marked by the end of the summer, and 
through recruitment of already marked young and further marking of adults during the 
subsequent years, the figure increased to 85% in 1961 , and 92% in both 1962 and 1963. 
The number of newly marked birds in any season is shown in Table 3. 
All individuals were assigned a serial number in the order of marking, and a letter 
showing their status at the time of marking. Thus, 'M' stands for males, 'F' for females , 
and ']' for fledglings and juveniles. 
TABLE 3. Number of newly marked S07'g sparrows on ll'fandarte I sland in each of the fat•r 
st1ccessive sttmmet's. 
Year Nestlings Fledglings Adults Total 
1960 14 99 55 168 
196 "1 4 191 38 233 
1962 14 116 10 140 
1963 0 "128 6 134 
Totals 32 534 "109 675 
3. Observations and validity of the data 
Because of the limited number of birds in the population, and also to preserve natural 
conditions on the island, experimentation with either song sparrows or the em>ironment 
had to be avoided. Most of the data were obtained by regular counts of all individuals and 
by observatioRs on social behaviour, feeding and breeding activities, population movements 
and other aspects. 
The Mandarte I sland population was surveyed every two or three days, and a complete 
count was made approximately every fortnight during the summers. Data for 1960 are 
incomplete because of the high number of unmarked individuals at the start of the study, 
and the number of adults in the population for that season had to be e timated from late 
summer observations. 
In the follo"';ng three years, because of the high proportion of marked birds and also 
because of the well developed site t enacity of song sparrows, any losses in the adult popula-
tion could be recorded whether the individuals had been marked or not. Thence, for these 
three years all census figures are accurate. 
From other islands, because of the lack of marked populations, accurate figures could 
be obtained only when the area involved was relatively small and the number of pairs was 
low. 
Recording yOtmg survival following fledging was more difficult because of the high 
mobility of the young, and because not all young conld be marked immediately after 
having left the nest. A post-breeding census of marked young still alive was taken every 
year in the middle of August, before emigration from the island began. t this time the 
proportion of marked to unmarked yOtmg could also be established. The su.rrival rate of 
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young throughout the winter was calculated from the number of marked individuals 
recorded at any subsequent census. 
Emigration of song sparrows from Mandarte I sland was checked by regula r visits to 
other islands, especially Halibut Island . Also, one recO\·ery of a ~Iandarte I sland young 
was reported by the Canadian Wild li fe Service from James I sland. 
IV. The general environment 
I. Habitat selection 
The breeding range of song sparrows extends from the Atlantic to the 
Pacific, and from the Aleutian Islands to central }lexico (DrCKEIU.IA . .~.'l" , 1963). 
Their differentiation into more than 30 races is presumably derived from the 
very high plasticity of the species to varying environmental conditions, and 
also from the highly developed attachment of these birds to the site of birth and 
first breeding. 
Song sparrows are not confined to any specific plant association. In Ohio 
(N rCE, 1937) local populations inhabited a bottom-land, weed association, 
mixed with shrubs and a few trees. ICE claimed, however, that that habitat 
was atypical for the species because of the absence of permanent water supply, 
so that the birds had to visit a nearby river, leaving their territories. 
BEER and his colleagues (1956) studied song sparrow populations on small 
fresh-water islands in Minnesota, where the birds preferred grassy openings 
with patches of shrubs between the woods and the water front. Also, song 
parrows in a lake-shore habitat occupied a strip of open woods with a rich 
understory of shrubs, situated between the dense section of the forest and the 
lake-shore (SuTHERS, 1960). 
In Central l\Iexico, song sparrows avoided arid and semiarid situations 
(DICKERMAI.", 1963). They were present, howeyer, in mesic areas where they 
elected riparian habitats and marshes, and were »most frequently encountered 
in or about cattails, bullrushes, or sedgy meadows& (PHILLIPS & DICKER:ILA.X, 
1957). 
In the an Francisco Bay salt marshes, song sparrows inhabited the rela-
ti,·ely tall vegetation zone that followed the length of tidal sloughs. The birds, 
except for occasional trespassing and feeding, did not enter the low vegetation 
a\Yay from the sloughs (JoHNSTO:-<, 1956 b). 
The most thorough study of the factors important in the habitat selection 
of song sparrows was that of 1ARSHALL (1948 a, b), on four races that occupied 
different habitat types in the San Francisco Bay region. The races occurred 
together and were not ecologically separated. They inhabited 'subniches' that 
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in theory could have been utilized by any one individual of the species from 
different populations. Therefore, l'l'lARSHALL concluded, the decisive factor in 
habitat selection in this particular case was the proximity and familiarity of 
individuals to their respective areas. 
MARSHALL recognized certain characteristics that were common in all 
habitat t ypes utilized by song sparrows in the San Francisco Bay area. These 
characteristics can also be recognized in the studies of other authors. Their 
persistency in all habitat t ypes inhabited by song sparrow populations seems 
to indicate their importance in the life of the species, and may be considered 
as basic habit at requirements: 
a. Proximity to water (sloughs, ponds, marshes, beaches, etc.); 
b. Good light conditions under cover, provided either by dense but relatively 
low vegetation, or by a higher upper canopy that is thin, the trees being 
widely spaced; 
c. Concealment and shelter: shrubs, thickets, hedges, tall grass and weeds, 
fal len t wigs and marsh vegetation are all favoured by song sparrows. 
They prefer compact, homogeneous cover to single, isolated shrubs, 
provided that the former has an elongated, bend-shaped arrangement. 
\Vhere the shrubbery is unbroken over extensive areas, song sparrows 
are found mainly along the edges or around small clearings, if any; 
d. Any of these habitat types must provide perches and singing posts 
that emerge above the general level of vegetation; 
e. The gro-und under cover should be accessible to the birds for feeding and 
general activities. 
The relation of song sparrows to most of these characteristics of the environ-
ment within the study area will be considered in more details in the discussion 
of feeding and territorial activities, and of nest site selection ( ee below). 
However, one factor that deserves some attention here is that of water supply. 
On Mandarte I sland, and on most of the smaller islands in the area, the only 
sources of freshwater is precipitation, dew and seepage water. During the 
summer drought even these sources may be absent. At this time, song sparrows 
regularly frequent the tidal zone to which they all have free access, and where 
they have been observed to bathe, and also to drink sea-water on a few occa-
sions. The utilization of salt-water by the species have been investigated by 
BARTHOLOMEW & CADE (1963). Several races of the species inhabit alt- and 
brackish-marshes in the San Francisco Bay area (l\lAR HALL, 194 a), and also 
along the Atlantic Coast (WETMORE, 1936). 
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2. est site selection 
Song sparrows prefer to build their nests in well concealed places, usually 
along shrubbery edges or in hedges, in tufts of tall grass, under weeds or logs, 
etc (Plate VII). The nests may be placed close to the ground , or somewhat 
elevated, especially in areas where rats and other nest predators are present 
(cf. DrcKERMAN, 1963). Situations with little or no concealing vegetation are 
avoided by song sparrows (Plate VI). 
In the general coastal region of British Columbia, "'ith the study area 
excluded, 73 % of 180 song sparrow nests were built in shrubbery, 19 % in 
tall grass and sedge, and 8 % in small trees (B.C. .R.S.)i. On illandarte 
Island, 96 °0 of 67 nests were found along shrubbery edges, and 4 °6 in high 
grass . 
3. Food and feeding habits 
Because of the small size of the population examination of stomach contents 
had to be excluded. Hence, data on food habits are based on observations 
throughout the year, and are compared with data from other studies. 
NrcE (1943) states that vegetable material, mainly seeds and some berries, 
constitutes as much as 66 % of the year-round diet of song sparrows. SALT 
(1957) estimated the proportion of vegetable food at 60% during the summer. 
In the San Francisco Bay marshes, their diet consisted of seeds, insects and 
small snails (:\L~SHALL, 1948 a). A more detailed analysis of food habits in 
song sparrows is given by lARTIN & al. (1951). 
In summary, song sparrows are mainly herbivorous, although they also 
consume a considerable quantity of animal matter, especially prior to and 
during the nesting season. Nestlings are fed exclusively on animal material. 
Song sparrows do not seem to be restricted in food selection to any kind of 
seeds or insects, the only apparent limitation is the size of food item. The wide 
range of consumable food by song sparrows has undoubtedly contributed to 
the continent-wide distribution of the species. 
Feeding activities of song sparrows are not restricted to any habitat type 
on l\Iandarte Island, although territories are confined exclusively to the 
shrubbery zone (p. 20). evertheless, during moult periods when the birds 
seek shelter, and also in times of increased territorial activity, i.e. in spring 
and autunm, movements are to a certain extent restricted to the shrubbery. 
1 tBritish Columbia Nest Record Scheme•. The records arc ktpt at the Department of 
Zoology, tiniversity of British Columbia, Yaucou\•er. 
14 Frank 5. T ompa: Factors determining the numbers of song sparrows 
The distribution of sight-records of song sparrows in the three main habitat 
zones of the island during censuses throughout the non-breeding season is 
given in Table 4. 
TABLE 4. Utilization of habitat zones by song sparrows on Nlandarte I sland in the non-breeding 
seasrm, based on the number and percentage of individuals in the respective zones recorded 
during census periods, 1960 to 1963, including periods of territorial activity. 
Sept. Oct. Nov. Dec. Jan. Febr. March April 
No. % No. % No. % No. % No. % No. % No. % 0. 0 / , o 
Cliffs •J3 13 13 3 19 4 13 3 50 14 40 11 14 11 1 I 
Grassland 17 17 64 13 132 31 105 25 127 36 116 3"1 26 29 9 9 
Shrubbery 72 70 410 84 283 65 301 72 179 50 220 58 88 60 93 90 
Totals 102 100 487 100 434 100 418 100 356 100 376 100 128 100 103 100 
The significance of grassland areas as feeding grounds for song sparrows 
on ::VIandarte Island can be fully appreciated if it is considered that the birds 
enter this zone only for feeding, while almost all non-feeding activities are 
confined to the shrubbery. Some feeding occurs also in the tidal zone. 
From late summer until early spring the food of song sparrows was com-
posed almost exclusively of weed and grass seeds on the island, collected mainly 
on grasslands, and also along edges and trails in the shrubbery. Green buds 
and fresh tip of grassblades were taken in late winter. Also the birds were 
regularly searching ocean spray shrubs in the autumn, presumably feeding on 
the minute seeds still in the clusters. 
Blackberry and Saskatoon berry were favoured food items in July, parti-
cularly by the young. A few wa..'\:berries were taken in late summer. 
The diet of nestlings varied with weather conditions, and also it changed 
as the season progressed. I n general, at the start of nesting period, almost 0 % 
of the food brought to nestlings was composed of larval forms of insects. Later 
in the season, winged insects and other adult forms predominated (Appendix\"). 
Adults and young were also feeding on unidentified food items in the tidal 
zone, and scratching the ground in search of the interstitial fauna around the 
cormorant nests, especially in December and January. 
On neighbouring islands, by contrast, foraging by song sparrows rarely 
occurred outside concealing vegetation: it was observed in the tidal zone 
when territories were situated along the beach. Feeding was normally restricted 
to the ground underneath shrubs or just along the edges, hile intervening 
grasslands and top layers were mainly utilized by either savannah (Passercultts 
sandwichensis) or white-crowned sparrows (Zonotrichia leucophrys), whichever 
species was breeding together with song sparrows in the same area. 
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4 . Enemies and competitor 
a. Invertebrates. - Common ectoparasites infecting both song sparrmY 
nests and individuals were two species of the Hippoboscid genus Ornitltoica (0. 
vicina and 0. confluwta (?)).Both were found occasionally in nests, and among 
the feathers of birds, during the first three years. However, in 1963 at least 
67 % of ea. 200 captured individuals were infected, some by 5 to 7 flies . Their 
effect on the birds is not known, although they might have been responsible 
for spread of mites causing 'scaly leg' in the birds (cf. 11IACDO~ALD, 1963a) . 
Larval and nymphal forms of the tick Ixodes at"itulus were usually found 
around the eyelids, eardrums and the base of beak of the birds. The infection 
was slight in 1960, affected nearly 10 % of the young in 1961, and was less 
than 5 % in 1962 and 1963. The survival of infected individuals appeared to 
be unaffected. 
The infection of nests and a few individuals by the fleas Ceratophyllus niger, 
and probably C. inflexus, was also observed, although no detectable effect 
upon the birds was recorded. 
Cnemidocoptic mange (scaly leg) caused by mites belonging, or closely 
related, to the genus Cnemidocoptes affected approximately 2 % of the popula-
tion in 1960 and 1961, and might have caused the death of one or two individ-
uals (cf. KEYMER & BLACKMORE, 1964; iACDO:\ALD, 1963 b). By contrast, 
one individual with a bad leg infection had fully recovered in 1960 (:.167). 
In 1962 and 1963 the frequency of infection was less than 1 % . 
b. Reptiles. - Snakes might be responsible for some nestling and egg 
mortality in song sparrows, as suggested by ICE (1937). On ~Iandarte Island 
snakes are absent, although the grass-snake Thamnophis ordinoides is common 
on several islands in the area. 
c. A ves. - Birds of prey are absent from ::\Iandarte Island most of the 
year, presumably because of the presence of large gull colonies in the breeding 
eason. Peregrine falcons (Falco peregrinus) were seen on several occasions 
during the winter of 1960/61 and 1961/62, although their importance ac:; 
predators on song sparrows was not established. 
A single burrowing owl ( peotyto ctmicularis) was observed on Mandarte 
Island during a three day census in December, 1960. Evidence of two kills 
were found, one of them a direct recovery from the owl. It is not known 
how long the owl stayed on the island. 
sharp-shinned hawk (Accipiter striatus) was seen on the island in ~Iay 
1963, but was not observed to prey on ·song sparrows. Cooper's hawk (A. 
cooperii), which breeds on the larger islands, may visit ~Iandarte occasionally 
during the winter, although it has never been recorded there. 
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Crows (Corvus brachyrhynchos) breed in the shrubbery on l\Iandarte Island 
(approximately 20 to 25 pairs every year), and also on other neighbouring 
islands. Although they were responsible for the destruction of one song sparrow 
nest in 1960 and another in 1963 (when attracted to the nest ite by the pre-
sence of the investigator) , they had little, if any, effect on the song sparrows. 
Red-winged blackbirds (Agelaius phoeniceus) are not common in the area. 
Three or four pairs tried to settle on Mandarte every year and, except in 1960 
when the summer was very dry, were successful in raising a single brood. They 
had invariably left the island by the end of June when the dry season began. 
Fighting between females of song sparrows and red-wings resulted in the death 
of the former in 1961, when their respective nests were only 3-4 metres 
apart. 
Potential competitors to song sparrows for any aspect of the environment 
are absent from Mandarte Island throughout the breeding season. avannah 
and white-crowned sparrows are transient in autumn and spring, and fox-
sparrows (P asserella iliaca )winter on the island in small numbers (5 to 15). 
They were frequently observed feeding together with song sparrows outside 
and inside the shrubbery without conflicts. However, during the spring terri-
t orialism of song sparrows, white-crowned and fox-sparrows are no longer 
tolerated in the shrubbery, and savannah sparrows remain unmole ted only 
on the grasslands before departing for their respective breeding grounds on 
other islands. 
Song sparrows breed t ogether with white-crowned and savannah sparrows 
on several of the neighbouring islands where the increased diver ity of the 
habitat offers opportunities for more species. There, alth ugh their territorie 
often overlap or even coincide, no serious interspecific conflict was observed. 
Under these conditions al l three species seem to utilize that part of the habitat 
to which they are the most adapted. (For a complete list of breeding bird 
species in the study area see Appendi-.,: VI). 
d. J.V!ammals. - \;vhite-footed mice (Peromyscus maniwlatus) occur on 
nearly all islands in the area, and presumably do not interfere v.ith song sparrow 
nests. On Mandarte Island they represent the onl) specie that has an over-
lapping food requirement with song sparro;vs in consuming seeds on the 
grasslands. 
Mink (Mustela vison) and racoon (Procyon lotor), which might prey on ong 
sparrow nests, occur in the area, although they are absent from ::\Iandarte 
Island (a single mink was recorded on the island in December 1 '0). The 
occurrence of the short-tailed weasel (JIHstela ermillea), pres~nt on \ ancouver 
Island, has not yet been confirmed within the study area (Cow A......- • GurGUET, 
1956). 
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Human interference, which might be an important factor causing mortality 
and nest destruction around populated areas (NrcE, 1937), is absent from the 
study area. On Mandarte Island the only interference with the population was 
eau ed by the presence of the author and colleagues. During the four years 
study, only four fledglings were accidentally killed. :.larking was probably 
responsible for the death of some nestlings in 1960 through forced early 
departure from the nests. Mortality through human interference thus may be 
considered as insignificant on Mandarte Island. 
V. Population number and t erritorie 
l. Mandartc I land 
Data for 1960 are approximate since the number of adult song sparrows 
could be estimated only towards the end of the summer. However, for the 
three subsequent years the values represent the total adult population on 
the island during the first week of ::\-Iay (Table 5). Both in 1961 and 1963 
all territory changes had ceased by this time, but in 1962, by contrast, changes 
in territorial relationships and numbers continued throughout the breeding 
season. Therefore, data from the beginning of Iay reflect a momentary rather 
than a stationary situation for that year. 
TABLE 5. Papulation data for Mandarte lsla11d at the begitmi11g of 
May in four breeding seasons. 
Status 1960 1961 1962 1.963 
:\I ales (breeding) (46-48) 47 44 69 
Females ( ) (46-48) 47 44 69 
:\(ales (unmated) (4- 6) 7 25 12 
Totals (96-102) 101 113 150 
ince territories on Iandarte I land were small, tightly packed and with 
well defined boundaries in the shrubbery, it was easy to measure them, and 
the relatively complicated methods as proposed by Omru & KUENZLER (1955) 
and UTHER (1 60) were unnecessary. All territories were measured separately 
in 1 1 (ToMPA, 1962) using a 100 foot measuring tape, and the data were 
converted into metric units. The accuracy of measurements was checked on 
aerial photographs of the island. 
For 1 2 and 1963 only, the average territory size for the whole island was 
calculated by dividing the number of territories into the total area defended 
2 
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TABLE 6. Number of song sparrow territories on Mat1darte I sland (itlclttding 11011-breeding 
terr·itories) , average territory si ze, and the total area of shrubbery defended by the 
whole pop ulation. 
Defended Average T o t a l area of defended Y ear No. shrubbery gr asslandl t erritory 
shrubbery (m2) (+ 20 %) size (m2) (m 2) 
1960 (50- 54) 268 54 322 13,946 
1961 52 268 54 322 13,946 
1962 61 230 46 276 14,030 
196 3 ]I, 191 38 22 9 111, 100 
1 for explana tion seep. 20. 
by the population. The slight increase in the area of defended shrubbery in 
these years resulted from utilization of small isolated patches of shrubs over 
the grasslands, that had been unoccupied in the p revious years with lower 
densities. Data are given in Table 6, and the arrangement of territories in the 
three consecutive years is illustrated in Fig. 3. 
Area relations between breeding and non-breeding territories, ba ed on the 
average area of defended shrubbery, were also determined. It was found that 
the difference in average territory size between these two categories was much 
more pronounced in 1961 and 1963 when the proportion of unmated males in 
the population was low and their territories were established relatively late in 
the season; by contrast, in 1962 when there was a high number of unmated 
males on the island, most of their t erritories were e tablished before the onset 
of breeding, and the difference between the size of breeding and non-breeding 
territories was less pronounced (Table 7). 
TABLE 7. Number atJd p·roport ion of breeding and non-breeding territories 011 J/and<lde 
I sland, with mean areas of defwded hrubbery. 
)Jean 
Y ear Status umber Proportion 
area (m') 
Breeding t. , - 0.00 288 " , 196 1 Non-breeding t . 5 0.10 2 
Breeding t . 4 't 0 .7~ 26 1 
l \lli2 Non-breed ing t . I i 0.2 150 
Breeding t. 69 0.93 ~00 
1963 Non-breeding t . 5 0.07 65 
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Frcuru: 3. Arrangcmc::J t of song sp:~ rrow t erritories on ~Iandarte Island in th ree 
consecuth·e years. 
2. eighbouring i land and other area 
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Among the smaller i lands in the area (Fig. 1) Rubly Island supported 4 
song sparrow pairs each year, Dock Island 3, Imrie and Reay Islands, and 
alias Rocks 2 pairs each. The population on Ker Island was counted only 
in 1962, when the number of breeding pairs was 9. On Halibut Island, the 
number of breeding pairs varied between 9 and 11 (1961 to 1963). Unmated 
birds from these smaller islands were absent. -o population counts were made 
on the larger islands. 
Territory size averages from islands other than ~Iandarte are approximate, 
the distances being estimated by pacing. All r ults are given in Table , and 
20 Frank 5. T ompa: Factors determining the numbers of song sparrows 
are compared with averages reported by other authors from orth America. 
Mandarte Island data represent the years with the lowest (1961) and highest 
(1963) population densities. The comparison shows that song sparrow territories 
on Mandarte Island were significantly smaller than those on other islands in 
the area and elsewhere on the continent. Relatively high population densities 
for song sparrows were reported by }OHNSTON (1956 b) from the San Francisco 
Bay salt-marshes. 
TABLE 8. T erritory size averages from the study area, a11d as reported by other authors 
on the North A mericatl continent1• 
Locality & habitat Area (m2) Year Reference 
Mandarte Island 322 1961 present study 
229 1963 
Smaller islands ea. 1,000 1960-63 
Larger (over 10 ha.) ea. 3,000 1960-63 
Halibut I sland (3.9 ha.) ea. 3,000 196 1-63 
Ker I sland (2.5 ha.) ea. ·t, SOO 1962 
Ohlo (gardens & parks) 2, 700 NICE, 1 943 
Minnesota (lakeshore) 1,902 THERS, 1960 
San Francisco Bay (salt-marshes) 416 1953 } OHNSTOX, 1956 b . 
1 Averages for the J'.finnesota and San Francisco Bay a reas have been calculated and 
converted into m etric units from original data presented by the authors . ] OHNSTON's data 
represen t the year with peak density over a six years' study. 
3. Defended and utilized area 
On Mandarte Island territory defense was invariably restricted to the 
shrubbery (p. 21), including only a narrow strip of grassland immediately 
bordering the shrubs. This defended grassy area did not exceed 20 % of the 
defended shrubbery area. Those males defending a less than average area in 
the shrubbery did not compensate by defending a proportionally larger grassy 
area. Even when a few territories were established on the grassland in 1963, 
centred around small patches of shrubs, only that part of the grassland wa 
included in territory defense which fell between, and immediately surrounded, 
the shrubs held by a male (Fig. 4, 5). 
The area utilized by song sparrows was considerably larger on Mandarte 
I sland than that defended by them. Feeding was regular on the undefended 
parts of the grassland, both in the breeding and non-breeding season (p. 14). 
These grassland areas, and also places around the cormorant colonies, were 
used as common feeding grounds by the whole population. eighbouring birds 
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FIG RE 4. Diagrammatic map and cross-section of a territory in the shrubbery zone, 
showing the composition and stn1ctural arrangement of ..-egetation, and part of the 
bordering grassland included in territory defence. 
that exhibited aggressiveness towards one another in the shrubbery fed together 
away from their territories, and males and females of the same pair often 
utilized different areas on the grassland for foraging. This semi-colonial feeding 
behaviour is very unusual in the species since song sparro"l\s are described as 
holding food territories {NICE, 1941), and maybe compared to the feeding habits 
of finches of the genus Carpodacus (THOM:P o~. 1960). 
Therefore, territory defense included only that part of the habitat on 
1\Iandarte I sland where mating and nesting occurred, and which provided 
perching and singing posts for the males, and concealment and shelter fo r the 
birds. 
On other islands, by contrast, feeding was always restricted to within the 
territory boundaries of song sparrows. The diversity of the habitat on other 
islands was higher than on Mandarte and more passerine species were preseut. 
ong sparrows utilized mainly the dense shrubbery and the ground under-
neath, while the intervening grassy, open areas and higher canopy layers were 
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FIGURE 5. Diagrammatic m a p and cross-section of a grasslan d t erri tory; the limits of 
d efended area are d etermin ed by the p osition of shrubby p a t ches. 
occupied by other species. Hence, the area utilized by song sparrows was 
actually smaller than that defended. This different relationship of utilized and 
defended area by song sparrows on Mandarte and the neighbouring islands is 
diagrammatically illustrated in Fig. 6. 
VI. Behaviour and ocial organization 
The general behaviour of song sparrows has been discussed in details by 
NICE (1937, 1941, 1943). Since the birds on Mandarte and the neighbouring 
islands showed identical behaviour patterns in many respects to those described 
by NICE, a detailed description in this paper will be unnecessary. Certain aspects 
of song sparrow behaviour, however, played an important role in the self-
regulation of the Mandarte Island population. In the follo\ving ection attention 
will be focused on these aspects only, ·with a minimum amount of background 
information. 
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l. Di persal 
Dispersal has been defined by ]OHNSTO)l" (1961) as mO\·ements of the young 
>>from sites of birth to sites of breeding)>. I n the present paper this has been 
adopted as a working definition with the modification, that exploratory move-
mel!ts, spaci11g and emigration were recognized as functionally distinct mani-
festations of dispersal movements. 
a. Exploratory movements. - The first phase of dispersal movements by 
young song sparrows on Mandarte Island lasted from the independence from 
their parents until the end of the post-juvenile moult in late August and 
early September. The intensity of movements reached a peak about the age 
of or 9 weeks from hatching, and then slowly declined with the progress of 
moult. The movements occurred in any direction within the limits of the 
song sparrow habitat on the island, and resulted in an approximately even 
di tribution of the young throughout the shrubbery zone by the end of the 
ummer. This distribution pattern was similar every year, and showed no 
relation to any qualitative characteristics of the habitat. 
There was, howe\'er, a marked difference in the intensity of movements 
from ear to year, and also within a single breeding season, showing positive 
correlation with the number of young in the population. The measure of inten-
sity used was the distance the young travelled along the shrubbery zone that 
followed the length of the island (Table 9) . Thus in 1961, when the number 
of young in the population was high, 47 % of 169 marked young whose dispersal 
could be followed, remained within a di tance of 200 metres. The rest, in slowly 
decreasing numbers, covered a distance between 200 and 700 metres, while 4 
young had left the island in late Augu t. In 1 2, by contrast, the productivity 
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of the population was the lowest (p. 41). Then as much as 77 % of the traceable 
marked young remained within 200 metres, and the distance covered by the 
remainder sharply declined. Statistically, the difference between these bvo 
years is highly significant (P< 0.001, using the cbi- quare method). 
TABLE 9 . Distance of early dispersal movements by juveniles along the length of 1'./andar/e 
I sland in two consecutive summers. 
Year Statusl Distance of dispersal
 in m etres 
100 200 300 400 500 600 700 800+ Total 
1961 }fay broods 22 12 11 10 12 5 0 1 13 
June 11 17 16 13 5 7 3 -;3 
July 4 13 0 3 0 0 2 23 
1962 May b roods 26 17 6 5 0 3 0 0 57 
June 13 16 3 3 0 0 a; 
196 1 Totals 37 42 27 26 1J 12 4 4 169 
1962 39 33 9 6 3 4 0 0 9'• 
Similarly, the intensity of dispersal movements increased as the breeding 
season proceeded in 1961, as demonstrated by the mobility of the young from 
different broods. In none of these years could a stati tically significant differ-
ence be established in the intensity and pattern of movements of the two 
sexes. 
b . Spacing movements. -Spacing was con idered di tinct from the more 
passive exploratory movements, and constituted the econd phase of di per ·al 
movements of young song sparrows, ultimately determining the tatus of year-
lings in the population. pacing was under the influence of both the em-iron-
ment (attractiveness of habitat, resistance of established population), and 
internal motivation (innate aggressiveness and tolerance, physiological tate). 
Spacing of the young on Mandarte Island began in autumn, and terminated 
in the spring, usually before the on et of breeding. During tbi period both 
young and adults, males and females, behaved in a di tinct, characteri tic 
way. 
M ales. Initial spacing of young male lasted from eptember throuo-b late 
ovember, building up gradually as more and more adults had completed 
their moult, and became territorially active. There were two general force 
working into opposite directions: adult males exhibited increa ing intolerance 
1 broods from subsequent months of the season ar e r eferring to the time of fledginp-. 
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towards territorially active young males, while the latter tried to establish 
themselves in the shrubbery, fighting both adult males, and one another. 
During this autumnal period, young males showed a distinct preference for 
certain parts of the habitat. Although the density and extent of shrubbery 
had general importance in the habitat selection of the birds, the critical factor 
(cf. MILLER, 1942) appeared to be the relative number and quality of perches 
and singing posts at various localities. On Mandarte Island there are four such 
areas within the shrubbery zone where tall shrubs and small trees occur in 
high numbers, rising above the general level of foliage. Two of these areas 
are situated at the 1\TW and SE ends of the shrubbery respectively, while 
two others are closer to the middle of the island (Fig. 2). One of the latter, 
because of its extent and structural arrangement, could be divided into two 
smaller, bordering areas. 
The preference of young males to such areas resulted in the formation of 
centres of concentration throughout the shrubbery zone. Over the three years 
when observations on the movements of young were made during the autumn 
and winter period, five such centres of males could be invariably recognized 
on the island in accordance with the relative den ity of perches and singing 
posts. The formation of centres was gradual from early September through 
November, since some of the young males became territorially active in late 
autumn only. The initial number of males in the centres was approximately 
10 or more, showing variation with the number of young in the population, 
and from one part of the island to another. 
Although territorial activities declined in December, and were almost 
completely absent until late ] anuary, the concentration centres of young 
males persisted throughout the winter as hierarchical groups. During autumnal 
pacing aggressiveness within the groups was restricted to threat display and 
chasing, although occasional fights also occurred. The same relation existed 
between adult and young males. No aggressiveness could be recorded, however, 
between neighbouring adult males during tbis period. 
In the autumn there was a sharp decline in the young population on the 
i land (p. 43). :lany of the individuals involved had presumably perished , 
while others emigrated to neighbouring islands (p. 27). At this early phase of 
spacing, the position of young males within the bierarchies was difficult to 
determine. The departure of several young males from the island, ho·wever, 
presumably reflected the pressure in the population exerted both by adult 
males, and by the young themselves within the group . It seems probable that 
these emigrants involved either subordinate males, or those that had a low 
tolerance threshold towards cro~ ding ('TD<BERGE:-<, 1957). 
Exchange of males between the hierarchies was restricted, involving but 
a few individuals. These birds bad always occupied a low po ition in their 
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original group, and retained their subordinate status in the new one; they 
remained either in marginal areas at less attractive places of the habitat or 
were forced to the grassland (p. 63). 
The final phase of spacing occurred during the spring, and re ulted in the 
establishment of territories. Adult males began to claim their former territories 
by frequent singing as early as late January, although singing became intense 
only in February and early March. During this period they showed increasing 
hostility towards young males that occurred on their territories, and severe 
fights were observed every day. Meanwhile, there was increasing competition 
among young males within the hierarchies. 
Unfortunately, quantitative recording of the number of actual phy ical 
fights between, and within the age categories was not made during the study. 
However, the analysis of 23 fights that were recorded because of their severity 
during the autumnal and spring spacing, shows that '15 of the fights occurred 
between adult and young males, while the remaining 8 were among the young 
themselves. These data support the observations that hostility among e::- tab-
lished males was always restricted to threat displays and singing along the 
boundary lines, and actual fights were absent. 
The increasing hostility displayed by both adult and young males brought 
about the gradual disintegration of hierarchical groups in February and early 
l\Iarch. Young males that had been in a subordinate position within their groups 
were forced to settle in marginal and less attractive parts of the habitat, or 
remained without territories outside the shrubbery zone and formed a floating 
population. (The brief description of the history of one hierarchical group i 
given in Appendix VII.) Others emigrated onto neighbouring islands. 
Therefore, autumnal spacing did not necessarily mean final territory e tah-
lishment for the coming season. The organization of young males into hierar-
chical groups, however, increased the chances of the most dominant males to 
select the most attractive places in the habitat, and it aJ o increased the chances 
of all young males within the groups to settle in an area with which they had 
become familiar. 
In the spring of 1962 the resistance of the established population toward 
young males was lessened because of a late snow storm (p. 30). Then, of all the 
young males that had spent the winter on Mandarte Island, 31 established 
breeding and non-breeding territories. These included 26 males that could 
settle within the area of their group, and only 5 were forced to take up territories 
in marginal areas or other parts of the island. F our of these latter retained their 
former subordinate position for the rest of the season, and remained unmated. 
In 1963 the resistance of the adult population was high. Then in the spring 
19 young males established territories after having pent the winter on the 
island; 13 could settle within the domain of their group, three were forced to 
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establish grassland territories, and three others gained territories in other 
parts of the island after breeding had begun and remained unmated and 
subordinate. 
Females. - Spacing movements of young females were restricted. In the 
autumn they either remained at the same locality of the island where they 
had settled in late summer, or they emigrated to other islands. Thus every 
year 50 % or more of the emigrants were composed of young females in autumn. 
Those that had spent the winter within the population could usually breed in 
their winter residency. Thus 9 of the 11 marked young females that had 
survived the 1961/62 n·inter on the island started to breed in the same area 
where they had settled the previous autumn, and only two moved to other 
parts of the island. 
Proportionally more females stayed within the population during the winter 
1962/63, when the number of unmated males was high (p. 31). The number of 
young females, both marked and unmarked, that had survived on the island 
was 23; 20 could settle with unmated males in the spring in the same 
aLea where they had spent the winter, and three settled elsewhere on the 
island . 
c. Emigration of young song sparrows from : \Iandarte Island occurred 
both in autumn and spring. In autumn it began in the latter part of August, 
and la ted until the end of autumnal territoriality in late 'ovember and early 
December. 
ot all of the young that bad emigrated could be discovered on other 
islands, and thus only the minimum rate of emigration, based on the marked 
portion of young population, could be determined; the actual rate was presum-
ably higher than what was recorded. For the same reason, and also because 
the sex of the young in the autumn was difficult to determine, only an appro-
ximate estimation of the sex: ratio among the emigrants could be made. 
In 1960 a minimum of 5 % {11 individuals) of the marked young alive at 
the mid-August census emigrated in autumn, 11 % (1 ) in 1961, and 1 ~ 0 
(1 ) in 1962. One bird was recovered in eptember 1961 on James Island, and 
the rest were observed on Halibut Island, where several of these emigrants 
ettled to breed. Thus, by 1963 five of the 1 song sparrows that composed the 
Halibut I sland population were marked .:\Iandarte birds, although taking 
unmarked individuals into account that might have settled there before the 
tudy began, the actual proportion was presumably higher. 
Young females were observed to leave .:\Iandarte Island relatively earlier 
than young males. Among the 40 ob erved autumnal emigrants during the 
study the ex of 37 could be determined. There "ere 11 females among the 13 
that left in late August, and among those 14 that emigrated in eptember. 
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Only one female could be recorded among those 10 that left the island between 
October and early December. 
Emigration from Mandarte Island in the spring depended on the number 
of young still in excess. A slight decline in the young population that occurred 
every year before the February census took place might have been caused 
by early departure of females that couJd not locate vacant territories in the 
areas where they had spent the winter. Because of the limited time ayaiJable 
in that season, surveys bad to be restricted to Mandarte and Halibut Islands 
and thus the number of early spring emigrants remained unknown. 
Later during spring territorialism emigrants included only surplus young 
males, with the exception of 1963 when young females reportedly left the 
island at the start of breeding. One disappeared one or two weeks before breed-
ing began, and two others left the island after the first brood of the season had 
been completed. All three females were from unattractive grassland territorie 
held by subordinate males. 
The only young that left the island just before breeding began was a male 
in 1961. Seven young disappeared from the population in the pring of 1962 
before the onset of breeding. They all were males, and at least five of them bad 
been in a subordinate position in the hierarchical groups. ·whether they all 
emigrated, or some of them had perished in territorial fights or of other eau e , 
is not known. An additional subordinate male stayed on the i land until June, 
and then emigrated to Halibut Island. 
everal young males disappeared from the island before the breeding 
season in 1963, and four of the 12 males that had been left without 
territories in the spring left the island in l\Iay , following unsuccessful attempt 
to settle. 
pring returns. -Every year a number of young that had left the island 
the previous autumn returned to Iandarte Island in the spring. The number 
of marked young that successfully returned was two in 1 1, one male and 
one female. There were 6 young females among the 12 that returned in the 
spring of 1962, and all settled with males still unmated on their territories. 
Four of the 6 males could establish territories, and three of these obtained 
mates. The remaining two were forced to grassland areas. 
The number of marked spring returns was 14 in 1 3. e\"en of them were 
females, and could settle before breeding began. Only one of the 7 males estab-
lished breeding, and another a non-breeding territory. The remaining 5 stayed 
floating temporarily, and four of them left the island permanently before 
breeding started. 
It is possible that the actual number of spring returns in any of these 
years was higher than recorded, but because they left the island shortly after 
their arrival they were not observed. 
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2. Territory establishment and pair formation 
If the whole population is considered as a unit, territory establishment and 
subsequent pair formation constitute the final phase of spacing movements by 
the young. The establishment of territories is done exclusively by the males of 
the species, and it may take severaJ different ways. 
a. Territory establishment.- The simplest form of territory establishement 
observed on Mandarte Island was the replacement of old males that had perish-
ed by various means. If a territory became vacant in the autumn or winter 
period, there were always two or more potential competitors within the 
hierarchies to occupy the place. Final ownership was determined by the status 
of individuals within the groups. However, if the vacant territory was situa-
ted in a less attractive section of the shrubbery, it usually became filled by 
males of lower position within the hierarchies. 
Replacement occasionally took the form of dividing the original area into 
two smaller territories, especiaJly if it had been large. Its opposite was also 
observed, when following the death of the holder of a small territory, neigh-
bouring males extended their territory boundaries over the area. 
The invasion of territories still held by adult males was more difficult, and 
its success generally depended on the season, and also on the resistance of 
the established population. The appearance of an intruder usually invoked 
severe fighting, especially if it occurred just prior to, or at the beginning of 
breeding. These fights occasionally lasted for only a few hours, and ended by 
the escape of the intruder. However, there were occasions, in 1962 in particular, 
when spasmodic fights lasting for several hours continued for subsequent days. 
The actual fight, when it was severe, involved incessant chasing, clashes in 
the air and combat on the ground. The heads of two captured males following 
fights were covered with wounds. 
In 1962 some of these fights were followed by the disappearance of the adult 
male from the population. Since no adult song sparrows were ever recorded to 
leave the island, and also because of the extreme severity of the fights in 1962, 
in these cases the death of the individual was assumed. 
evertheless, most of the intrusions by young males resulted in the sharing 
of original area by both the adult and the intruder. All successful intrusions 
that occurred after the start of general breeding in 1961 and 1963 came to this 
compromise situation. In these years the sex ratio of the population was well 
balanced, and at the time breeding began all territories in the shrubbery were 
occupied by potential breeding pairs. The few young males still in excess that 
attempted to gain a section of the shrubbery met not only the resistance 
of the defender at the site of intrusion, but of his mate as well. Also, because of 
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the small size of territories on the island, any serious fighting caused excitement 
in the whole neighbourhood, and often 4-5 males joined together in chasing 
the intruder. The resistance of the established population was effective in 
both years to drive intruders away. Presumably the same phenomenon occurred 
in the spring of 1960, when observations began after general breeding had 
begun. In this year, there were five males in the population without a territory 
at the beginning of May. 
However, once general breeding over the island began and the pairs became 
preoccupied with laying, incubation and parental care, the re istance against 
non-territorial males lessened. Thus, in May and early June several of these 
young males were able to occupy parts of the shrubbery without difficulty, 
and remained unmated and subordinate throughout the breeding sea on (p. 311}. 
Subordinate positions probably reflected an originally lower po ition within 
the hierarchies, since the most dominant males were able to establish territories 
in late winter and early spring, generally by replacement. However, it also 
involved some of the young males that returned to the island in the spring, 
and whose initial status may have been determined by their previous absence 
from the population (cf. COLLIAS, 1952). 
Occasionally the intruder was able to driYe the holder of the territory 
away, and also take over his mate. On these occasions the lo er either remained 
in a subordinate position in a small part of his original territory, as it occurred 
on two occasions in 1962, or established a territory in a different part of the 
island, as was observed on one occasion in 1963 in early spring. 
ince not all the territories could be mapped in 1960, the general form of 
territory establishment in 1961 remained unknown. However, since both the 
number of males in the population a nd the number of breeding and non-breed-
ing territories seemed to remain the same over these years, it was assumed 
that most territories had been e t ablished by replacement. 
In 1962 there was considerable increase in the number of males in the 
population over the previous year 's male population. Including all changes in 
territory ownership that took place before and after breeding began, the 
number of territories established was 3 , although ome of them proved to be 
temporary (p. 35) . Three of these were completely new territories establi hed 
around small patches of shrubs on the grassland, 31 territories were ob-
tained by replacement, and the remaining four by intru ion (Table 10). 
The majority of replacements occurred in ~Iarch , following a late snowstorm 
at the time when most of the territories had already been established. In 
the storm more than 30 % of the established population perished {p. 65) and 
because of the death of either the male or the female of a pair, ,-ery few of the 
original territories remained undisturbed. The immediate re ult was the break-
down of social resistance against non-territorial young males still in e.,;ce- . 
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TABLE 10. The frequency of various types of tc1'ritory es tablishment 
in two subsequent years on M andarte I si and. 
1 9G~ 196:1 Total 
Replacement 3 1 8 :19 
Intrusion 11 15 
Xew establishment :) 5 8 
Totals :l8 24 62 
31 
Within approximately 10 to 14 days, 14 adult males that died during the snow 
were replaced by 21 young males, without any respect to their previous status 
withiu the hierachies. Thus, in t he central part of the island, and also towards 
t he SE end, where the storm caused the highest casualties, all excess young 
males settled without difficulty. All young males, by contrast, that were left 
without territories at this time, were subordinate males from the northern 
part of the island that was relatively unaffected by the storm . 
The survival of both adults and young was high during the 1962/63 ~inter 
(p. 65), and by the settling of a high number of young females on the previously 
non-breeding territories of the 1962 season, the sex-ratio was nearly equal in 
the spring before the start of breeding. Altogether 24 territory establishments 
occurred, including t wo cases in which only the males shifted from one place 
to another. Eight territories were established by replacement, all taking place 
in early spting. There were six cases of succes ful intrusions before breeding 
began, and five non-breeding territories were established after the start of 
breeding. Five new territories were taken up on the grasslands, although some 
of the e proved unstable. 
b. Object of territorial claim. - During both autumnal and spring territori-
alism the clain.1 of territories occurs by frequent singing from perches that 
are above the general level of vegetation cover. imilarly, the success of intru-
sion depends on the ability of the intruder to occupy and hold at least one 
perching post against the defender. During the chasing, that normally lasts 
for several hours at any one time, the intruder repeatedly tries to return to the 
same perch and to sing there briefly (Plate VIII). Once he succeeds in keeping 
a po t, the intruder becomes accepted by his opponent and the other neigh-
bouring males. Then, during the subsequent days, the area around the occupied 
perch is gradually enlarged, and any further skirmi hes a re restricted to the 
e tablishment of new territory boundaries. 
Although grassland territories proved to be unstable, in 1963 in particular, 
their e tablishment alway depended on the presence of some elevated spots, a 
ingle hrub or wooden structure, that could be used as a perch and singing post. 
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c. Pair formation . - In the formation of breeding pairs the females have 
a passive role, simply settling on territories held by unmated males. Conse-
quently, the number of young females that settled in any year, with the excep-
tion of 1962, depended on the number of vacant territories on the island before 
the start of breeding. Those in excess emigrated to other areas, and there 
were no records of floating females in the population, unlike the unmated 
males. 
When adult males died, particularly during periods of territorial activity, 
the replacing new male took ownership of the old female. When it occurred 
either in late summer or in the winter, the old female usually deserted the 
territory and settled elsewhere on the island. Young males that occasionally 
were successful in driving the adult male out of his territory, normaUy inherited 
his female. 
When settling on established territories, females did not show any discri-
mination for territory size, aggressiveness and social status of the male, or for 
any characteristic of the shrubbery. However, they preferred dense egetation 
that offered good nesting sites. During the first three years none of the young 
males that were unsuccessful in establishing a territory in the shrubbery could 
obtain a mate on the grasslands. The only exception occurred in the spring of 
1963 when, because of the high winter survival of all age categories, there 
was an excess of males and females in the population. t this time, five grass-
land territories were established and occupied by potential pairs. However, 
the pair bond on these territories was unstable. One female left the territory 
before breeding began, and t wo others deserted and left the island once the 
first nesting was over in May. All three territories had little concealing vegeta-
tion and lacked adequate nesting sites. The remaining two pairs stayed together 
after successfully extending their territory boundaries towards the central 
shrubbery zone. 
In early April, when breeding began, all territories were occupied by females 
in 1961 and 1963. Presumably the same applies for 1960. If there had been 
females in excess in any of these years among the spring returns, they must 
have left the island again undetected. The only exception occurred in 1962, 
when the number of young females that survived the snow torm on the island, 
and the number of those that returned in the spring, was not sufficient to 
fill all vacant territories. Then, 17 territorial males were left unmated when 
breeding commenced in late April. 
d. Site tenacity. - Because of the strong attachment of song sparrows to 
the site where they have once bred, and also because of the residential status 
of song sparrows in the region, pair bonds were normally permanent. In general, 
none of the mated males deserted their territories, unless driven out by another 
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male. one of the males lost their territories as a result of fighting in 1960 and 
1961. or were there any territory losses in 1963, although two males shifted 
from one place to another: in February one young male succeeded in obtaining 
the territory of an old male. The latter, in turn , drove out his neighbour 
that had occupied a more attractive part of the shrubbery, and the neighbour 
settled by intrusion some distance away. 
In 1962, when the number of unrnated males in the population was unu-
sually high, three old males lost their territories and mate to neighbouring 
territorial unrnated individuals. 
Females deserted their territories more readily than males. Desertion nor-
mally followed the death of the male unless the latter was replaced immediately 
by another male. Also, females left their mate on some occasions, when conti-
nually disturbed by unmated males. Inadequate vegetation, as noted above, 
caused the desertion of three females in 1963. All territory desertions during 
the study period are summarized in Table 11. 
T ABLE 11. T erritory desertion by song sparrows on ,Uandarte I sland in three successive years 
Year Deserter Season Cause of d esertion R esult 
196 1 :M 35 spring unmated in 1960 replacement of neighbouring male 
F 103 autumn male perished lat e summer settled with another male 
1962 M 21 spring dri ven out by invader stayed unmated in neighbourhoo J 
M 172 unmated in I 961 replacement of perished male 
F "132 male perished in snowstorm settled with another male 
F 179 
F 182 
F 23 1 
F 240 
::\I 20 summer driven out by invader stayed unmated in neighbourhood 
M 333 
F 375 interference by unmated males settled with another male 
1\[ 278 autumn unmated in 1962 replacement of perished male 
F 360 male perished settled with another male 
1963 l\[ 172 spring driven out by l\1 244 established new territory 
M 244 driven out by M 465 invaded ::'11 172's territory 
F 103 ltigh local density of males settled with another male 
F 110 male perished • 
F 182 high local dencity of males • 
F 246 male perished 
F 260 ltigh local density of males 
F unm.kd. summer inadequate vegetation cover deserted the island 
F 
3 
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e. Unmated males. -There were only a few males (4 to 6) in 1960, and 
7 in 1961 that, because of the high resistance of the established population in 
the shrubbery, remained without territory before breeding began. Since towards 
the end of breeding season in 1960 there were no records of floating males in 
the population, it was assumed that all unmated males could settle permanently 
during the summer. In 1961, however, 5 males were able to occupy part of the 
shrubbery after breeding had begun and two remained floating for the rest of 
the season (p. 30). 
In 1963 the resistance by established birds was very high because of the 
greatly increased number of pairs that year. Five of the twelve young males 
that were without territories when breeding began could still gain small sec-
tions of the shrubbery in May, at places of relatively low resistance. Four 
additional males left the island in May, while three others stayed there without 
a territory . The number of unmated territorial males increased to seven in May 
following the desertion of two young females from grassland territories (p. 33). 
Because of the shortage of females to fill all vacant places following the 
snowstorm in the spring of 1962, 17 territorial males remained without a mate; 
15 of these were first year males, and t wo were at least two years old. In addi-
tion, there were 8 young males that remained floating at the outset of breeding. 
f. Interference with breeding.- Both in 1960 and 1961 fighting for territory 
rights stopped at the beginning of breeding season. Those first year males that 
remained without territories that time were subordinates. Their presence in 
the population, although in both years several could settle in the shrubbery as 
the season progressed, did not cause any serious disturbance. Also, occasional 
skirmishes between established neighbouring males were always restricted to 
boundary claims, and were expressed by displays only. 
The situation was somewhat different in the spring of 1963. Presumably 
because of the increase in the number of established pairs over the shrubbery 
and the consequent decrease in territory size on the island, the hostility of 
established birds against unmated males was more pronounced than in the 
previous years. Four young males that had returned in the spring, and were 
apparently dominant males, tried to settle unsuccessfully for 3-4 weeks 
following the start of breeding. Their insistence caused considerable excitement 
at certain points in the shrubbery because of the daily fights. However, 
all the four males had left the island, or had perished, by May and fighting 
ceased over the island. Those young males that still remained non-territorial 
retained a subordinate position during the rest of the breeding season, although 
five of them could settle in the shrubbery. 
In 1962 the unmated status of most of the males in this category was deter-
mined by the shortage of females in the population rather than by lower 
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social position. Both territorial and non-territorial unmated males retained 
their aggressiveness throughout the breeding season and fighting ceased only 
as the moult period began in July. As a result of daily fighting several changes 
in territory ownership were recorded through either the desertion of the estab-
lished birds (Table 11), or because of the assumed death of the original owner 
of the territory. During the breeding season si.." males were lost from the 
population, including both mated and unmated territorial males. Five of these 
disappeared following severe fights either >'irith neighbouring unmated males 
or with floaters, their territories being taken over by the intruder. 
The continual disturbance throughout the season interfered with the 
sequence of breeding to a great extent, partly by breaking pair bonds, partly 
by the temporary or complete inhibition of breeding in many pairs that 
remained together throughout the summer (p. 38) . 
3. Winter flocking 
During December and January in every year, when territorial actiVIty 
temporarily ceased, song sparrows fed on the grasslands and around the 
cormorant colonies in loose feeding groups. Exchange of individuals between 
neighbouring groups was frequently observed and was accomplished ·without 
difficulty; thus indicating a lack of organization among the birds. These 
groups had no relation to the hierarchical groups of young males, and included 
both sexes and both age categories. 
No defence of the feeding areas by individual song sparrows or by the 
· groups could be observed. There was considerable shifting from one minute to 
another over large areas. However, single birds usually did not feed closer 
than one or two metres to one another. In this respect old birds were more 
dominant than young. No difference could be observed between males and 
females. Fighting never occurred, and aggressiveness was restricted to brief 
displays. The situation resembled dominance relationship of the peck order 
type. 
VII. Reproduction and early urvi al 
ong sparrow nests were difficult to detect, and when found they couJd not 
be examined very often because of the danger of exposing them to crow preda-
tion. It was possible, however, to record the activities of all breeding pairs 
every day during the breeding season, and so determine the date of hatching 
and fledging, and the number of successfuJ nests for the eason. For 1960 a 
rough estimate is all that is available. 
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At the end of the breeding season, before emigration began, the total 
number of the young still alive was counted every year; thus for that time of 
the season, the average number of young produced per pairs in the population 
could be calculated. These figures give a relative and comparable measure of 
breeding success for different years. 
l. Breeding season 
From the British Columbia Nest Record Scheme 127 nest records collected 
during the past three decades for the resident race of song sparrows of the 
coastal region of southern British Columbia and northern Washington could be 
obtained. These data show that breeding in the region reached its full intensity 
in late April and early May (Table 12; Fig. 7). About 0 % of all nesting 
occurred before 25 May, and the remaining 20 % through to the end of July. 
Similar results were obtained on Mandarte Island, except that no clutches 
were completed before April and no nests were started after June (Table 13; 
Fig. ). 
TABLE 12. 
Periods 
March 
April 
:May 
June 
July 
No. of 
completed 
clutches 
Sequence of breeding in song sparrows in the coastal regicm, based 1m the tmmber 
25 
20 
15 
10 
5 
of completed clutches for each five-day period. 
1-5 6-10 11- 15 16-20 
1 12 15 15 
19 11 13 10 
4 2 4 5 
2 0 
April May June 
21-25 26-30/31 
2 
21 11 
6 4. 
1 ·t 
0 
Ju ly 
FIGURE 7. Sequence of breeding in song sparrows of the coastal region of southern British 
Columbia and northern Washington State.(see Table 12}. 
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TABL I<: 13 . Seq~tence of breeding in s01tg sparrows on M a11darte I stand in three successive 
seaso1ts, based Olt the number of completed clutches for each five-day period. 
April :\I ay J un e 
Periods 2 3 4 5 6 2 3 4 5 6 2 3 t, 5 6 
1961 3 13 •13 1 1 2 2 I 5 10 11 9 3 4 I 5 12 0 
1962 8 3 9 5 3 2 8 6 3 9 4 3 5 2 
•1963 2 5 8 2 1 8 4 10 8 13 
1961 
15 
10 
5 
"' ..
.s:: 1962 ~ 10 :::> 
v 
-o 
.. 
Gi 5 
a.. 
E 
0 
V 
0 25 
ci 1963 z 20 
15 
10 
5 
April May June 
FIGURE 8 .• equence of breeding in song sparrows on :\Iandarte I land d uring three 
sub equent breeding seasons (see Table 13). 
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The length of the season, and also its general timing, was presumably deter-
mined by long term climatic conditions. On Mandarte and other islands in the 
area, where the summer drought is generally more severe than along the coastal 
mainland and on Vancouver Island, invariably breeding had finished by the 
end of June. 
To judge from fledging data, the first clutches of 1960 must have been 
completed between 1 and 5 of April. The total number of broods for the season 
as estimated from the activities of the pairs was between 100 and 110. 
The first clutches of 1961 were also completed during the first days of 
April. Breeding reached its full intensity between the 5th and 20th of April, 
when the majority of clutches in the first broods were completed. Another 
distinct peak between May 10th and 25th marked the main laying period of 
the second brood, and a third peak was reached between 10th and 20th of June. 
The initial breeding population in 1961 consisted of 47 pairs, and there 
were 7 unmated males that caused no disturbance after breeding began. All 
but one pair raised a first brood, and all but two a second. The third nesting 
consisted of 15 broods, giving a total of 106 broods for the season. 
Breeding in 1962 started approximately 10 days later than in the two 
previous years. No distinct periods marking subsequent broods could be 
distinguished, in contrast to 1961. At the beginning of the season there were 
44 established pairs and 25 unmated males, a high number compared with 
1960 and 1961. Territorial fights were of daily occurrence, interferring with 
breeding (p. 34). 
Two pairs failed to bring up a single brood in 1962. Many pairs delayed egg 
laying until the end of May, and were late for a second brood. There were no 
third nestings at all. Only 78 broods were attempted through the season, 42 
first and 36 second broods, in contrast to the 106 in 1961, and approximately 
105 in 1960. 
In 1963 breeding started about 5 days later than in 1960 and 1961, building 
up gradually and reaching a peak in late April. The initial number of breeding 
pairs was 69, although because of the desertion of two females after the first 
brood had been completed, this number decreased to 67. There V~ ere 12 unmated 
males, causing some disturbance in April (p. 34). After the disappearance of 
four unmated males in May, territorial fights completely ceased. 
Only one of the 69 pairs failed to start a first brood, and by mid-May most 
pairs were preoccupied with a second. At least two pairs had begun a third 
brood by the middle of June, when regular observations on the island ter-
minated. 
The delay of breeding in 1962 and 1963 when compared with the two pre-
vious years could not be correlated with weather conditions. AJthough early 
spring in 1962 was cool, and the snowstorm in l\Iarch had affected the popula-
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tion before breeding began, the delayed laying and the complete inhibition 
of breeding in many pairs could not be explained by weather factors. Moreover, 
the less pronounced delay in the start of breeding in 1963 followed the warmest 
spring during the study period. Therefore, the yearly differences are attributed 
to the disturbance caused by unmated males during both of these years. 
2. Breeding success 
a. Clutch size. - Because of the overlap of subsequent brood periods in 
both the study area and the neighbouring region, and also because many nest 
records from the coastal area did not specify first, second or third nesting, it 
was more convenient to compile data from different years for definite periods 
of the season, which corresponded to peaks in the intensity of breeding: 
Period I - from the beginning of breeding until 5 ~Iay; 
Period II - from 6 May through 10 June; 
Period Ill - from 11 June until the end of breeding. 
From Mandarte Island there were 57 nest records that could be used for 
clutch size calculation, 56 from periods I and II, and a single record for period 
Ill. The number of eggs per clutch ranged from 2 to 5, although the great 
majority of the nests contained 3 or 4 eggs. 
Comparative data for the coastal region were available from the British 
Columbia est Record Scheme; 114 records were compiled for periods I and 
II, and only 3 for period Ill. The number of eggs per clutch was 3 to 4, except 
for one nest that contained 5 eggs. 
Clutch size averages for periods I and II (period III was excluded because 
of inadequate data) from Mandarte Island are compared with those from the 
coastal region and other areas along the Pacific Coast for the corresponding:part 
of the season in Table 14. The average clutch size for :;\landarte Island and the 
TABLE 14. Clutch size ave-rages from Mandarte I sland, th~ neighbouri ng region , and other 
areas along the P aci fic Coast.1• 
Period I Period II Total 
Lo cality mean S .E . mea n .E. mean S.E. 
c.s . nests c.s. nests c.s . nests 
Mandarte 1960-'1963 3.27 33 0.105 3. 7 23 0.093 3.50 56 o.o 4 
oastal region 3.47 57 0.066 3.77 5i 0.061 3.62 114 0.047 
Oregon-\V ashington 3.65 4.00 3. 1 26 
an Francisco Bay 3.29 167 
Alaska 4.17 17 
1 data from areas other than l\Iandarte I sland and the Coastal Region were obtained 
from jOHNSTON's paper (1951•). The San Francisco Bay records are compilations from 
different populations inhabiting the salt-marshes in the district . 
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coastal region was 3.so and 3.62, respectively. This difference although statisti-
cally significant (P<O.oos, using Student's 't' test), is too small to be considered 
a controlling factor in popuJation numbers. 
b. Fledging success. - With the exception of 1960, when only part of the 
breeding popuJation couJd be checked, fledging success from individual nests 
was recorded from the activities of the parents. Because of the short intervals 
separating first, second and third nestings (one to five days between fledging 
and subsequent nest building), it is most unJikely that any unsuccessful nesting 
attempts escaped attention. In two instances when nest destruction by crows 
occurred, renesting followed immediately. 
In addition, the history of 56 nests could be followed up to fledging. The 
analysis of these records is given in Table 15. Thirty-five nest records from 1963 
will also be treated separately because of the high hatching failure that year. 
All16 eggs that failed to batch in 1963 were collected for examination. Two 
were destroyed during transportation, and two others were addled. One egg 
contained two embryos. In the remaining 11 eggs embryonic development had 
stopped shortly after gastruJation and before organogenesis. Hatching failure , 
therefore, was not due to sterility or lack of fertilization. The 13.1 % hatching 
failure in 1963 was unusually high for song sparrows when compared "l'.ith the 
3.s % failure between 1960 and 1962, 4.2 % in the an Francisco Bay area 
(]OHNSTON, 1956 b), and 5.7 % in Ohio (NICE, 1937). ince hatching failure 
was restricted to the early part of the season, when there was interference 
by non-territorial males, it seems probable that the immediate cause of hatching 
failure was the lack of proper incubation. 
During the study period crow predation caused 4.1 % egg lo es, the crows 
having been attracted to the nest site by the frequent visits of the investigator. 
In addition to the nests that were checked directly, three other ne ts were 
completely unsuccessfuJ between 1961 and 1963. One nest failed when the 
female disappeared following fights with a female red-"1\iuged blackbird in 
TABLE 15. Egg a11d 11estting losses on !1./andarte l sla11d duri11g the study period. 
Mortality 1960-1962 1963 T o t al 
factors (79 eggs) (117 eggs) (196egg ) 
eggs young % eggs vouna 0 egg vouno 0 ' 
- <> 0 
- " 
0 
Unhatched 3 3. 16 13.7 10 9. 7 
Predation 4 5.1 4 3.4 t, . l 
Starvation 1 1.2 0.0 0.5 
Unknown 0.0 2 1.7 2 1.0 
Totals 1 10.1 20 2 18. 21 3 15.3 
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1961. One nest failed in 1962 when daily territorial fights in the area presumably 
had inhibited the proper feeding of nestlings and the female deserted the terri-
tory, and another nest was unsuccessful in 1963 when the female left the terri-
tory because of inadequate vegetation cover around the nest-site on a grassland 
territory and the continual disturbance by gulls nesting nearby. All three 
nests contained nestlings. 
The only known case of starvation to death occurred in 1961, in the only 
nest with a clutch of five eggs recorded on the island; one nestling, that had 
hatched 35-36 hours later than its four siblings, died at the age of one day. 
The 89.9 % egg and nestling survival for the period between 1960 and 1962, 
and 8i.2 % for 1963, indicates an extremely high fledging success on Mandarte 
Island when compared with the 49.s % in San Francisco Bay (JoHNSTON, 
1956 b) and 35.6 % in Ohio (NrcE, 1937). 
c. Productivity of the population. - Since the total number of broods was 
not known for 1963, and in none of the years could all nests be checked directly, 
the only means of comparing the productivity in different years is to calculate 
the relative success of breeding. The simplest method is to take the total number 
of young still alive at the end of breeding season and before the start of emigra-
tion, and divide it by the number of breeding pairs, thus obtaining the index 
of productivity. Because of mortality of the young between fledging and the 
mid-August census (p. 42) the result obtained by this method, of course, will 
not provide the absolute number of young fledged by each pair. Nevertheless 
it offers a comparative index of the relative success of each season (Table 16). 
Breeding success was approximately the same in 1960 and 1961. The some-
what lower index number for 1960 (4.2) was presumably caused by the higher 
juvenile mortality before census of the young took place. The success of repro-
duction was very low in 1962 (2.s), showing correlation with the low number of 
broods per pair that season (p. 38) . Productivity in 1963 was high again, 
although it remained below that of 1961, reflecting the high hatching failure at 
the beginning of the season. 
TABLE 16. R elative success of bYeeding pey pail's of song sparrows on 
111 anda1'te I sland during fottr consecutive years. 
Year No. of yonng No. of pairs l Productivity 15 Aug. Index 
1960 193-203 46 to 48 4.2 
1961 213-219 47 4.6 
1962 122- ·126 4ft 2. 
1963 270-300 69 4.1 
1 the number of pairs at the start of breeding. 
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VIII. Survival 
For purposes of comparison, survival in each annual cycle is considered 
during the four following periods, in accordance with major changes in the 
social interaction within the population: 
(A) - breeding season (May to mid-August); 
(B) - autumnal territorialism (mid-August to mid- ovember); 
(C) - non-territorial winter period (mid-November to mid -February); 
(D) - spring territorialism (mid-February to beginning of May). 
The beginning of May has been chosen as a marking point between spring 
territorialism and breeding season, since that was the time when territorial 
changes generally ceased, and breeding in the whole population had begun. 
All calculations are based on the survival of marked individuals. The 
methods of dealing with these data together with the results of the analysis are 
presented in Appendi.'r VIII. 
l. Adult survival 
The figures show generally high survival (p. 66) during each period every 
year, with the following exceptions: (a) between November and February 
1960/61, when higher losses than usual were recorded, and (b) in March 1962, 
when a snowstorm eliminated nearly 40 % of the adult population. 
The absolute survival of adults (p.66) was 53 % in 1960/61 and 46 % in 
1961/62, while in 1962/63 it was extremely high- 81 %· NICE (1937) reported 
that 51 % of the males and 55 % of the females returned each year; while 57 % 
of the adults survived annually in the San Francisco Bay salt-marshes 
(}OHNSTON, 1956 a). 
2. Survival of young 
Period (A) - Lack of complete data on fledgling survival throughout the 
breeding season made calculations difficult. Howe er, it was possible to calcu-
late the approximate number of fledglings for the first three seasons and to 
relate it to the number of young alive at the post-breeding census in mid-
August. These calculations on early survival can offer only approximate 
figures, since they are based on the assumption that clutch size and fledging 
success were consistent throughout the three seasons (Table 17). 
Calculations indicate a survival of at least 50 % of the fledged young until 
mid-August. Survival was the highest in 1961, and lowest in 1962, which 
agrees with observations on fledglings marked immediately after they had 
Year 
1960 
1961 
1962 
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TABLE 17. J uvenile sttrvivalfrom fledging to mid-August. 
o. of N Surdvors t o 15 August 
broods fledged1 Kl percent 
106 333 198 59 
106 333 216 65 
78 245 124 51 
left the nest: in 1961 all 17 birds from the first , and all 23 from the second 
brood that had been marked shortly after fledging, survived until they gained 
independence from their parents, while in 1962 there was an approximately 5 % 
mortality during the same period of life. This differential survival of fledglings 
before independence shows a negative correlation with the high degree of 
interference by unmated males during the 1962 breeding season,and was pre-
sumably caused by lack of proper parental care. 
P eriod (B) - Survival of young during autumnal territorialism was very 
low every year, and consistently lower than adult survival. The difference 
between the two age categories was highly significant (P<0.001) in all three 
years (Table 18). 
TABLE 18. Sttrvival of adults and young during autumnal territorialism 
within the Mandarte I sland population~. 
Y ear Status Number in November: x~ p 
alive missing 
1960 adult 36 7 43 14.& < 0.001 
young 32 3 'iO 
total 68 45 113 
1961 adult 73 7 80 22.0 < 0.001 
young 98 62 160 
total 171 69 240 
1962 adult 50 4 54 18.0 < 0.001 
young 39 39 78 
total 89 43 132 
~lean proportion aliYe: 
1960 adult 159 18 1// 0.90 
to young 169 139 308 0.65 
1962 total 328 15/ 485 
I assuming a 3.5 mean clutch size (Table 15) and 89.0 % fledging success (Table 16} 
for the pe riod between 1960 and 1962. 
- autumnal emigrants to other islands a re accounted for as to es. 
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Period (C)- Young survival greatly improved during the winters, although 
it still remained slightly lower than adult survival. The difference was not 
statistically significant (Table 19) , except in 1961 /62 (P <0.o5), and was 
caused by the limited losses in the young population at the start of spring 
territorialism before the February census took place (p. 18). 
Year 
60/61 
61/62 
62 /63 
1960 
t o 
1963 
T ABLE 19. 
Status 
adult 
young 
total 
adult 
young 
total 
adult 
young 
total 
adult 
young 
t ot al 
Sttrvival of adults and young during the winter withi" tile 
!VI andarte I sland population. 
Number in February: N xz p 
a live missing 
20 11 3"1 3.2 < 0.10 
12 19 3"1 
32 30 62 
62 5 67 5.3 < 0.05 
57 1 7 74. 
119 22 IH 
78 1 79 1.5 < 0.30 
38 3 41 
116 4 120 
Mean proportion alive: 
160 1 7 177 0.90 
107 39 143 0.73 
267 56 323 
Period (D) - During spring territorialism young survival was generally 
high, and did not differ significantly from adult survival. In 1961 young survival 
was slightly higher, and in the spring of 1963 slightly lower, than adult survival 
in this period. In 1962 there was a sharp decline in numbers in early 'larch 
due to the snowstorm. The survival of young during the snow was somewhat 
better than that of the adults, although the difference was not significant 
(p. 65). 
3. Ot hers consider ations 
a. Differential st~rvival of sexes.- I n 1961/62 survival in the two sex groups 
of adults was approximately the same. The only exception occurred during 
the post-nuptial moult when five of the six adults that perished were females , 
and also during spring territorialism when three of the four adults that dis-
appeared were males. 
On the contrary, male survival during the breeding season and post-
nuptial moult was lower than that of the females in 1962. From October 19 2 
onwards, all females survived until the end of the 1963 breeding season, while 
there was some mortality of males in the spring. 
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Although the number of birds involved is too small to give significance, 
the difference between male and female survival during the post-nuptial moult 
period in these two years might have resulted from a differential energy expendi-
ture in the t wo sexes (cf. MILLER, 1961) during the preceeding breeding season. 
The highly successful breeding season in 1961 had a higher demand on females 
than in 1962, when continuous territorial fights among the male population 
delayed and inhibited breeding in many pairs (p. 38) . 
b. Differential survival in age groups of adults.- During the post-nuptial 
moult in 1961 the survival was 100 % among first year adults, while there was 
a decline in older age groups. There was no difference in the survival 
throughout the winter. However, during the snowstorm in March 65 % of the 
adults fledged in 1960 were eliminated, compared to the 27 % mortality 
among the older groups. The factors responsible for this differential mortality 
are unknown. Throughout the rest of spring territorialism mortality occurred 
only in older age groups. 
In 1962/63 the survival rate of different age groups was high, and almost 
identical. 
c. Life tables. - Using the minimum survival factors (P;) as calculated 
m Appendix VIII, life tables were constructed for both young and adults 
for each year separately (Table 20). These figures show that, with the addition 
of marked young returning to Mandarte Island in the spring (p. 28), 10-20 % 
of the eggs laid each year produced a new recruit to the population the next 
year, and that 40-80 % of these survive to the year after. 
TABLE 20. Life tables f01' young and adult song sparrows f01' three sttccessive years . 
Calculations are based 011 minimum Sttrvival factors (p. 65). 
Young 1960/61 1961 / 62 1962/ 63 
Eggs laid 1,000 1,000 1,000 
August 533 582 454 
November 244 356 227 
February 94 274 210 
May (a) winter residents only 87 1 66 1 78 
(b) residents + spring returns 101 209 231 
Adults 1960/ 61 1961 / 62 1962 / 63 
May 1,000 1,000 1,000 
August 980 930 904 
November 820 849 837 
February 529 785 826 
May 407 406 787 
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These figures do not show, however, the survival of young fledged on 
::\Iandarte Island that had emigrated either during autumnal or spring territo-
rialism, and became established in neighbouring populations. Since, with 
the exception of those that settled on Halibut Island, their actual number is 
unknown, it can only be assumed that the total survival of the Mandarte 
Island song sparrows during their first year of life was higher than indicated 
by thdr number within the population. 
d. T otal numbers, immigration and recruitment. - Both in 1961/62 and 
1962/63 the survival of the few unmarked adults could be checked with cer-
tainty by direct observations because of the strong site tenacity of the birds. 
The percentage of marked individuals in the total population both at the 
beginning and at the end of each annual cycle, i.e. from May to May, is given in 
Table 21. The high number of unmarked individuals in the population at the 
start of the study excluded the possiblity of comparison with the 1960/61 
season. 
TABLE 21. Changes in the proportion (P ) of marked individuals 
in the population (N) throughout two seas011s. 
Young 
196 1/196 2 1962 /1963 
N p N p 
August 216 0.75 124 
May 69 0.83 58 
Adults N p N p 
May 101 0.85 113 0.92 
May 46 0.83 92 0.91 
TABLE 22. A ge stmcttere of the adult populati011 throughout the study . 
1961 1962 1963 
N % N % 0 / 10 
First year 49 49 67 60 58 39 
Older 52 51 46 40 92 61 
Totals: 101 100 11 3 100 '150 l OO 
Throughout the 1961/62 and 1962/63 season there was a slight decrease in 
in the percentage of unmarked individuals within the population. Although 
this decrease hardly indicates a higher survival for marked birds, it strongly 
suggests that the chance of an influx of young from other islands is remote. 
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The absolute number and percentage of the young recruited to adult popula-
tion of each year, including marked and unmarked individuals and spring 
returns, is given in Table 22. In 1961 the ratio of first year and older birds in 
the population was nearly equal, assuming similar survival rates among both 
marked and unmarked individuals for the 1960/61 season. In 1962 the majority 
of the population was composed of first year birds and in 1963 the majority 
was composed of adults. 
IX. Discussion 
1. The specific problem: High population density 
A comparison of the size of territories shows that the density of the popula-
tion of song sparrows on Mandarte Island was significantly higher than on 
any of the neighbouring islands, or for any area investigated by other authors 
on the continent. The only song sparrow territories of a comparable size are 
reported for the San Francisco Bay salt-marshes (] OHNSTO:-<, 1956 b). 
The difference between the density of the 1\fandarte and neighbouring island 
populations persisted during the four years of study; in fact, the difference 
increased during 1962 and this trend continued in 1963. Presumably the situa-
tion has not been significantly different during the years preceeding 1960. 
In seeking an explanation for the high population density on Mandarte 
Island two general assumptions can be made. The average density of different 
populations of a given species is basically determined by (1) local environmental 
conditions, and (2) the way the populations, both as aggregations of individuals 
and as integrated units, react to these conditions. In determining which 
local conditions are relevant, those environmental factors that are common to 
Mandarte Island and to all other areas under investigation can be eliminated, 
and thus discover those characteristics in which these areas are consistently 
different. Furthermore, the secon.d assumption implies that the relation of 
song sparrows to the habitat, and also their social interactions under different 
environmental conditions, must be studied. 
Factors common to all populations within the study area are: (1) macrocli-
matic conditions: (2) marshy areas on larger islands, and beaches on the smaller 
ones, giving an adequate water supply during the summer drought; (3) semi-
isolation from other populations, although the distances between islands are 
not sufficient to prevent communication; (4) pr:edation is low or almost com-
pletely absent; (5) no human interference; (6) no brood parasitism. 
Thus the only persistent and characteristic difference between Mandarte 
and the other islands seems to be the composition and structure of vegetation 
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cover. Iandarte Island has extremely simple vegetation, both floristically and 
structurally. Apart from the cliffs and beaches, there are only the two well 
defined habitat zones of grasslands and shrubbery, with a minimum of stratifi-
cation. Grasslands have a vigorous growth because of the generally humid 
climate and the enriched soil, and are dominated by a few grass species. The 
shrubbery, a mixture of various shrubs, is compact and provides a dense, 
closed foliage; there are but a few isolated patches of shrubs on the grasslands. 
On other small islands the composition and growth of grassland varies 
with the exposure and soil conditions, and instead of being dominated by a few 
species it is a mixture of a number of grasses and herbs. The shrubbery is broken 
up into small patches and single shrubs, resulting in a more complex habitat 
than that on Mandarte Island. 1arshes, sandy flats, open and closed forests 
further increase the stratification and diversity of the vegetation on the larger 
islands, and provide numerous habitat types. 
Parallel to the increased complexity of vegetation is the increase in diversity 
of terrestrial bird life. While Mandarte Island is dominated by various sea-
birds and only two terrestrial species, i.e. song sparrows and crows, there is a 
slight but definite increase in the number of small passerine species on the 
smaller islands, and a striking increase in the composition of avifauna on the 
larger ones. These findings are consistent with the conclusions of a number of 
workers, most recently those of MACARTHUR & ~lACARTHUR (1 61), ~lACARTHUR 
& al. (1962) and KLOPFER (1962) , that a positive correlation exists between 
diversity of habitat and fauna . 
Song sparrows are the only passerine birds breeding on every island in the 
area, inhabiting shrubby situations where their territories, i.e. defended area, 
are established. Shrubby areas differ in character within the study area, and 
taking the basic habitat requirements of song sparrows into consideration, it 
can be seen that these requirements are best realised on Mandarte Island. The 
compact foliage provides extensive areas of shelter and concealment; higher 
elements in the shrubbery serve as perches and singing posts; ground beneath 
the cover is exposed and accessible to the birds all the year round; concealing 
vegetation along the base of the shrubbery edge provides excellent nest sites; 
the narrowness of the shrubbery makes it possible for all territories to be 
situated along its edges. 
Furthermore, not only does the shrubbery meet the requirements of the 
species, but because of its simplicity it is also unsuitable for potential competi-
tors to song sparrows with overlapping requirements. Transient white-crowned 
and savannah sparrows that breed on neighbouring islands, and fox sparrows 
that winter on Mandarte, are tolerated within and near the shrubbery through-
out the winter. Nevertheless, they are driven out by resident song sparrows 
as soon as the latter enter their period of spring territorialism. 
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On other islands the broken shrubbery with thin foliage, the lack of con-
cealment at the base of many shrubs, and the limited amount of exposed ground 
make the habitat less favourable to song sparrows. Within their large territories 
the birds are confined to that part of the habitat to which they are most adapt-
ed, i.e. the dense part of the vegetation and the ground underneath. Interven-
ing open areas and top foliage are mainly utilized by other species with over-
lapping or coinciding territories. 
The restriction of competitive behaviour between the three species, i.e. 
the song, white-crowned and savannah sparrows, to the single-species habitat 
on Mandarte Island, while the same species coexist without any apparent 
conflict under the more diverse habitat conditions on the neighbouring islands, 
suggests rather more than just an 'overflow' of aggressiveness during periods 
of territorialism. The functional value is presumably the reinforcement of 
ecological separation, and may be compared with the concept of )>interspecific 
territorialism)> (SIMMONS, 1951). However, defence in this example includes a 
habitat type rather than an area, and also the species involved are not conge-
neric. 
Furthermore, there is a very pronounced and significant difference between 
Mandarte and other islands in the relation of the feeding grounds to the birds' 
territories. NrCE (1943) classified song sparrow territories as 'Type A', which 
includes mating, nesting and feeding grounds, claiming that in this species 
)>territory provides an ample food supply for young and adults)>. NrcE's 
definition of territory, which is the one used in this paper, includes )>any defend-
ed areaJ>. It has been stated above that feeding by song sparrows on islands 
other than Mandarte is confined to that part of the vegetation to which the 
species is adapted, i.e. the dense cover and the ground underneath, and that 
it occurs within territory boundaries. 
On Mandarte Island, on the contrary, birds regularly feed outside areas in 
which their territories are situated. This feeding, in grasslands and around 
the cormorant colonies, is performed in common with other song sparrows, 
which is atypical of the species. The utilization of these areas as feeding 
grounds is presumably facilitated by the complete absence of food competitors 
adapt.ed to these habitat types (cf. SvXRnso , 1949). Similar flexibility of 
the species has been described by :Mn.LER ((1951) from Santa Rosa 
Island, California, where song sparrows occupy the normal habitat of the 
rufous-crowned sparrow (Aimophila ruficeps), in the absence of this species 
from the island. 
It can be concluded, therefore, that the gr~at reduction in territory size on 
Mandarte Island and the resulting high density is largely due to two factors 
or factor complexes: (1) the environment, and (2) the plasticity of the species. 
The Mandarte Island habitat satisfies to a high degree the requirements of the 
4 
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song sparrow, but is too simple to meet the requirements of other species with 
similar ecology. The song sparrow is evidently capable of taking advantage of 
an abundant food supply, even when it occurs outside its territory and normal 
habitat. 
2. The general problem: Limitation of numbers 
In discussing the limitation of numbers, we are primarily interested in 
changes occurring within a population regardless of its absolute density. These 
changes are to be expected at critical periods of the annual cycle. In song 
sparrows such periods occur during the breeding season, and those parts of 
the year when adjustment of the young to the population takes place. Irregular 
changes that occur outside these critical periods have no bearing on the 
general problem. 
a. R egular changes. - Decline in the number of the adults on 1\iandarte 
island from one breeding season to another was gradual every year, except 
for part of the winter 1960/61, and after the snowstorm in the spring 1962. 
In the first instance, a somewhat heavier than usual decline occurred during 
the non-territorial period and this was probably due to the presence of a few 
predators on the island that winter. However, this decline had no apparent 
influence on the outcome of spring territorialism and spacing. The effect of 
the snowstorm will be discussed later (p. 52). The absolute survival of adults 
was at its lowest during these two seasons (53 % and 46 % . respectively), and 
at its highest in 1962/63 (81 %). Usually well over 90 % of the individuals 
alive at the beginning of a month were alive at the end. o adults are known 
to have left the island, and lacking direct evidence on the causes of mortality, 
it can only be assumed that the birds die of disease, occasional predation and 
miscellaneous accidents. Because of the large area of undefended feeding 
grounds, and the abundance of food throughout the year, mortality from food 
shortage seems highly unlikely. 
Mean clutch size was slightly lower on Mandarte Island than in the general 
region. However, it was not sufficiently lower to affect the density of the 
population. The success of breeding, considering fledging success alone, was 
extremely high every year, irrespective of the density of the breeding popula-
tion. The unusually high fledging rate was presumably due to the absence 
of many factors causing egg and nestling mortality elsewhere, i.e. nest preda-
tion, brood parasitism, flood, human disturbance, etc. The slightly lower 
success in 1963 was caused by an increased hatching failure at the beginning 
of breeding. 
Judged from the number of successful broods by pairs of song sparrows, 
breeding was highly productive in 1960, 1961 and 1963. An approximately 50 % 
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increase in the number of breeding pairs in 1963 had no adverse effect on the 
number of broods throughout the season. Furthermore, in considering the total 
reproductive output of the whole population, the 1963 season was far more 
productive than 1960 and 1961, in spite of an apparent 'supersaturation'. 
(Territorial activity extending into the early part of breeding season, high 
hatching failure in May, with territories established in less attractive parts 
of the habitat and their subsequent breakdown later in the season, are 
considered as signs of an increase in the breeding population beyond optimal 
level. ) 
During these three years of high reproductive success the sex ratio in the 
population was well balanced. The relatively few unmated males present occu-
pied either a subordinate position in the shrubbery, or were forced into marginal 
areas on the island. 
Moderately heavy post-fledging mortality (50 to 35 %) before the start of 
autumnal territorialism was characteristic of each year; in fact it is characteris-
tic of nidicolous species of birds in general (GrnB, 1961). A prevailing belief 
is that these losses are due to lack of experience in finding food, and to the 
greater vulnerability of the young in general (L ACK, 1954). This explanation is 
consistent with events on Mandarte Island, though there is no direct evidence 
to support it; the slightly higher than usual post-fledging mortality in 1962, 
when there was interference with parental care, might be considered as an 
indication of this. 
During autumnal territorialism, gradually starting from late August and 
lasting through November or early December, losses in the young population 
were considerably heavy each year, and significantly higher than current 
losses in adults. During this period, adult males showed aggressiveness towards 
territorially active young, and, as initial spacing of the latter had begun, 
young males displayed hostility towards one another within hierarchical 
groups over the island. 
Young females took no part in establishing a territory, but settled passively 
at parts of the island where vacancies through the absence of adult females 
existed. Young females emigrated more readily than young males, and never 
formed groups like those of the latter. Females constituted the major part of 
the emigrants in 1960 and 1961, that is, when the sex ratio within the adult 
population was balanced. On the other hand, in the autumn of 1962, when the 
number of unmated males in the population was disproportionally high, rela-
tively more young females remained on the island, and the sex ratio among 
emigrants was close to equal. 
Although only the minimum number of the young that left the island in 
autumn could be determined every year, the number was substantially high. 
These emigrants presumably involved those young males, in addition to 
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females , that bad a low tolerance of crowding and those that were driven out 
by more dominant males (TINBERGEN, 1957). 
The immediate cause of mortality among young during the autumn 
remained unknown, but presumably territorial fights were either directl y or 
indirectly responsible. 
During winter and spring there was no consistent difference behYeen the 
age groups, and survival was high. Territorial fights in the spring determined 
the final status of the newly recruited young in the population. There was a 
less pronounced spring emigration of the young involving those few females 
in excess at the start of spring territorialism, and also young males that were 
unable to settle during the final spacing period. Some young males that remain-
ed on the island were kept outside the shrubbery by the resistance of the 
established population, while others settled during the later part of the breeding 
season, when the resistance against them declined. 
b. Climatic catastrophe. - In March 1962, at the time when most pairs 
bad become established throughout the shrubbery and just prior to the onset 
of breeding, an unusually late and heavy snowfall occurred and snow covered 
the island for four days. During this period a significant portion of the popula-
tion perished, adults being affected to a slightly greater extent than the young. 
The possible explanation of the differential mortality is that by March all 
established pairs became restricted in their activities to their territories in the 
shrubbery. On the other hand there were many young males still in excess and 
confined to the grasslands. While snow covered the island these young males 
were at an advantage, since they did not defend territories and could freely 
feed at parts of the island that were not covered by snow, especially along the 
SW edge of the grassy plateau and around cormorant colonies. 
By the time the snow had melted, most pair bonds throughout the shrub-
bery were broken and some pairs missing completely. Young males that bad 
survived the snow outside the shrubbery and that otherwise would have had 
little chance of establishing themselves, now invaded the shrubbery in high 
numbers in the absence of resistance from the remaining pairs, and greatly 
increased the number of territories over the island. However, since all , or 
nearly all females had been territorial before the snow torm, there was no 
surplus left to replace them, though a few females that had left the island in 
autumn returned to Mandarte after the snow. The number of non-breeding 
territories when breeding started was extremely high, as was the number of 
young males without a territory that, in the absence of efficient resistance, 
remained on the island. 
The highly disproportionate sex ratio resulted in severe fights that lasted 
throughout the breeding season, and interfered seriously with breeding, even 
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though the number of pairs was lower than in the previous years. Several pairs 
had delayed laying until lat e in the season, while others were completely 
inhibited. There were several territory desertions both by males and females, and 
this was the only breeding season when any appreciable mortality occurred in 
adults. The interference resulted in an unusually low breeding success compared 
with the other three years, for though clutch size and fledging success were 
not affected, there was a reduced number of broods per year. An unusually low 
reproductive performance was reported by S~DER (1962) in a woodchuck 
(M armota m. monax L.) population as a result of social interference with 
breeding, after experimentally inducing changes in the sex ratio in the favour 
of males. 
The very high number of unmated males in the population throughout 1962 
provides the explanation of the significant increase in the number of established 
pairs in 1963. There is no obvious alternative explanation, such as improved 
food, cover or weather conditions. 
The low productivity of the 1962 breeding season was followed by extremely 
high survival of both adults and young withing the population during the 
subsequent winter. When breeding terminated in 1962, even those males 
that had been left without territories throughout the summer could establish 
themselves in the shrubbery. During autumnal spacing and the subsequent 
spring territorialism all these territories were filled by young females that 
had stayed on the island in higher numbers than during the previous years. 
In this manner, the sex ratio within the population was restored to equilibrium 
before breeding began in 1963. The number of pairs increased by more than 
50 % over the number in 1962, and thus the resistance against the surplus of 
young males became more effective than in any of the previous years. This 
resulted in a somewhat higher rate of emigration of young males to neighbour-
ing islands. 
During the final spacing in the spring 1963, the extremely high density of 
established pairs caused more boundary skirmishes than usual. Also there 
were still a few unmated males in excess that caused severe territorial fights 
at the onset of breeding. In this year even females were involved in fights, a 
rare occurrence in the previous years. This might be the possible explanation 
for the high hatching failure at the beginning of the season in 1963, caused by 
the lack of proper incubation or being affected in some unknown manner. 
By May, when most aggressive individuals among the unmated males had 
disappeared or settled, and general breeding had begun, territory fights ceased 
and breeding was no longer affected adversely. 
c. Comparison with current ideas and final conclusions. -Some years ago 
DAVIES (1952) raised the question as to whether song sparrows would reproduce 
54 FrankS. Tompa: Factors determining the numbers of song sparrows 
better if they had a colonial feeding territory or some other modification of their 
social behaviour. It was pointed out earlier in this paper, that undefended 
common feeding grounds outside the normal habitat of the species play an 
important role in the life of song sparrows on Mandarte Island, and presumably 
contribute to a great extent to the significant reduction of average territory 
size on the island. Also, apart from the absence of many factors causing egg 
and nestling mortality in general, the fledging success is extremely high, irre-
spective of the high population density. Thus, if the reproductive output of a 
population per unit area is considered to be the measure of breeding success 
in different populations of the species, the answer to DAVIES' question must be 
in the affirmative. 
That a high breeding density per se does not have an adverse effect on 
breeding success is further indicated by the fact that the season with the lowest 
reproductive rate was 1962 when the number of breeding pairs was the lowest. 
This low reproductive rate was the result of a decrease in the number of 
broods per pair, caused by social interference with breeding. 
In spite of the high breeding success in 1960, the density of the population 
in 1961 remained at the same level . The slight increase in the population number 
in 1962, irrespective of the number of potential pairs present, has been 
explained earlier by changes in the character of the population resulting from 
the effect of a snowstorm. Also, the significant increase in both absolute 
numbers and the number of breeding pairs in the 1963 population followed that 
year when the lowest number of young was produced. Therefore, it seems 
unlikely that variations in the breeding success in one year are responsible for 
variations in the numbers of the following year's adult population. 
These findings suggest that the fate of the young, after they have gained 
independence, largely determines the size of the population in the following 
year. A similar conclusion has been reached by PERRINS (1963) in his work on 
great tits (Parus major). Thus support is given to the theory of LACK that the 
reproductive rate is the independent variable in the ecology of populations 
(LACK, 1956; see also AMAnoN, 1964), and the effective control of population 
numbers through changes in reproductive rate appears remote (cf. v YNNE-
EnwARDs, 1959) under the circumstances described in the paper. 
The situation also shows an apparent agreement with LACK's general 
assumption that l>the main density-dependent control of number ... comes 
through variations in death-rate)>. However, it does not agree with his conten-
tion that predation, disease and food shortage is of critical importance in the 
mortality of birds (LACK, 1954) . 
Both predation and disease are negative limiting factors, eliminating 
numbers in a population by their presence. Therefore, they cannot be compared 
on the same level with the limiting influence of the food supply, which is a 
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minimum factor as well as a basic requirement to any species. Populations 
appear to be independent of both predation and disease, for while these 
factors may seriously effect any local area in a given year or season, other 
populations of the same species may be entirely free from their influence. It 
has been pointed out in this paper that predation and disease has little, if any, 
influence on the song sparrow population on :O.Iandarte Island. 
However, based mainly on the studies of the ecology of great tit populations 
(cf. KLUYVER, 1951), LACK (1952) emphasizes the role of food as the limiting 
factor, and expresses his doubts as to the importance of self-regulation through 
territorial behaviour. On the other hand, GrnB (1962) considers both territorial 
behaviour and intra-specific competition for food supply as complementary 
factors in the control of populations. 
In comparing the ecology of great tits and song sparrm\'S, it should be 
pointed out that both are strongly territorial, particularly during autumn and 
spring. (KLUYVER & TINBERGEN, 1953). evertheless, they differ significantly 
in their natural diet, in that great tits are almost exclusively insectivorous, 
while song sparrows are omnivorous and vegetable matter constitutes a major 
part of their food. The extreme fluctuations in insect populations may seriously 
affect the food supply of titmice and starvation can be an important factor in 
the winter mortality of this species (GIBE, 1960). In contrast, the food supply 
of the song sparrow population on Mandarte Island is a stable one and food is 
unavailable only on those rare occasions when there is a snowcover, as in 
1962. Thus the survival of the young and adults during the non-territorial 
winter period is high. 
The critical period throughout the annual cycle of song sparrows seems to 
be the autumnal territorialism when the adjustment of the number of young 
birds occurs. This adjustment is made partly through increased mortality, 
resulting either directly or indirectly from the aggressiveness of adult and 
territorially active young males, and partly through emigration of the latter 
into other areas as a result of hostility and the tendency to avoid crowded 
situations (cf. TDI'BERGEN, 1957). 
The recruitment rate of young females to the population is correlated to 
the number of vacant territories within the song sparrow habitat, and conse-
quently females show an increased tendency to leave the island when the 
ex ratio within the adult population is close to equilibrium. 
The considerable reduction in the number of young birds during autumnal 
territorialism by enhancing emigration may be regarded as advantageous 
because it may (1) increase the chances of survival of the young in less 
crowded situations, where they may also function as a reserve stock for 
the original population in the pring; (2) reduce the severity of fights for 
territories in the spring, thus contributing to an undisturbed breeding season 
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(3) make adjustments in the sex ratio when adversely changed by uncontroll-
able factors in favour of one of the sexes, and (4) relieve crowded areas, thus 
reducing the chances of severe intra-specific food competition in the case of a 
food shortage during the winter period. 
The importance of autumnal emigration in the limitation of numbers has 
been discussed by KALELA (1958), while LmrCKER (1962) has emphasized 
certain selective advantages of emigration. 
The gathering of young males into hierarchical groups during autumnal 
territorialism has a selective value in favour of the most dominant individuals, 
while it also increases the chances of young males in general to settle in an 
area with which they are already familiar. 
The regulating effect of autumnal territorialism through socially induced 
mortality and emigration will be more pronounced in those areas where the 
habitat fullfills the requirements of the species to a high degree, and maintains 
local populations at a high density level. On the other hand, it will be obscured 
both by uncontrolJable factors and immigration in less favourable situations 
with low local densities. The relative stability of bird populations under optimal 
or near optimal conditions has been demonstrated for several orth American 
species by BREWER (1963). 
The present study shows definite similarities to the observations of 
KLUYVER & TrNBERGEN (1953) on the existence of a >>buffering mechanism> in 
titmice populations, involving the emigration of excess numbers from a favour-
able but crowded habitat to less attractive areas with sparse populations. In 
this example, the differences between the conditions on l\1andarte Island and 
the neighbouring islands can be compared to those between mixed and conifer 
woods inhabited by titmice. 
otwithstanding the importance of food as an ultimate limiting factor, the 
actual regulation of numbers is apparently brought about by a flexible social-
territorial system that enables populations to make optimal use of average 
environmental conditions at different localities. nder highly favourable 
conditions, as demonstrated by the song sparrow population of Mandarte 
Island, high local density could be reached and maintained without over-
crowding the habitat and thus endangering normal reproduction. nder less 
favourable conditions such a regulatory mechanism would prevent serious 
intraspecific competition, and further, would minimize the impact of seasonal 
and/or accidental (non-catastrophic) food shortage (cf. ' ynne-Edwards, 1962). 
Furthermore, it would facilitate a relatively quick reco ery of populations 
following catastrophic events. 
On the other hand the annual emigration of excess individuals into sparsely 
populated areas would significantly increase their chances to survive and breed, 
while they would be excluded from doing so in their native populations. uch 
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a system would be considerably more advantageous in the maintenance and 
evolution of populations than a wasteful, compulsory mortality of yearly 
surplus because of food shortage. 
Summary 
1. The purpose of the study was to find the factors that determined 
the density and stability of a population of song sparrows. 
2. Mandarte Island, where the investigation was concentrated, is charac-
terized by a simple habitat with little stratification. Habitats on other 
neighbouring islands were considerably more diverse. 
3. The methods of study involved extensive marking of the birds, frequent 
censusing, and observations on both quantitative and qualitative changes 
within the population. 
4. The following basic habitat requirements were recognized in song spar-
rows: proximity to water, dense vegetation, exposed ground under cover, 
concealing vegetation for nest sites, and adequate light intensity. 
5. The density of song sparrows on l\Iandarte I sland, as judged by average 
territory size, was found to be five to ten times greater than on neighbouring 
islands and elsewhere on the continent. Also the extent of the area used for 
foraging exceeded that which was defended, which is atypical of the species. 
6. Territories are established by the males, and accepted passively by the 
females. nmated males in the population, when their number is high, cause 
considerable disturbance by interfering with breeding and inducing territory 
desertion. The autumnal territorialism of both adults and young coincides 
with the major population movements of the young, their spacing and emigra-
tion. 
7. The fledging success was extremely high, 81 to 90 %. and the general 
breeding success was low in one year only, due to the reduced nun1ber of 
broods per pair that season. 
8. Survival during the first year of life was 10 to 20 %. and 46 to 81% in the 
adult population. Apart from losses following fledging , the heaviest decline in 
the number of the young, ea. 50 % . occurred during autumnal territorialism. 
9. The unusually high density of song sparrows on l\Iandarte Island 
was apparently the result of the unique environmental conditions favouring 
the species, and the adaptability of the birds to local conditions by utilizing 
new habitat types and common feeding grounds outside their territories. 
10. The regulation of numbers on Mandarte Island occurred through the 
adjustment in the numbers of the young population: increased territorial 
activities caused mortality of the young during the autumn and the emigration 
of surplus numbers to neighbouring islands with lower densities. 
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Appendix I. 
T emperature and precipitation dt~ring the study, data obtained from the meteorological station 
on Jantes I sland, B.C. (48°36'N; 123°21' W ; altitude 52 metres) 
Monthly and annual mean temperatures : 
Year I II III IV V VI VII nii IX X XI XII Annual 
1960 3.8 5.5 6.1 9.4 11.1 14.4 17 .7 16.1 13. 10.5 6.6 5.0 1 O.o°C 
1961 6.1 6.6 7.2 8.8 12.2 1 6.1 17 .7 1 8.3 13.8 9.4 5.5 4.4 10.5°C 
1 96 2 4.2 5. 7 5.4 9.4 10.5 "1 5.5 16.1 15.5 14.4 10.5 7.8 6.2 10.0°C 
1963 2. 3 7.8 6.8 9.0 1 7. 7 14.4 1 5.6 
1 92 5-62, 
:Vfean 3.8 4.4 6.1 9 .4 12.2 14.4 16.6 16.6 14.4 10.5 6.6 5.0 10.o°C 
Monthly temperature ranges : 
Year I II III I V V YI ni VIII IX X XI XII E xtremes 
1925-62 
1960 12.2 11.1 14 .4 18.9 21.1 23.9 30.5 34.4 25.6 18.3 12.2 12.6 
- 1.1 - 1.1 -3.8 "1.1 2.8 6.6 8.8 8. 6.6 4 .4 1.1 0.6 max. 
1961 12.2 11.7 13.8 15.5 23.9 26. 7 35.0 3 1.1 25.0 18.9 11.1 "11.1 35.0°C 
0 .0 1.7 -0.6 1. 7 5.0 6.6 9.4 1 0.0 3 . 2.2 -0.6 - 2.2 
1962 1 '1. 7 13 .8 15.5 19.4 18.3 25.6 28.3 23.9 25.0 18.9 13 .8 12.6 min . 
-6.1 -3.3 - 2. 2.8 2.8 4.4 8.3 8 .8 7.2 6.1 0 .6 -0.6 - 13.9°C 
'1963 11 .1 13.8 1 5.0 17.2 29 .4 28.9 24 .4 
-8.3 -0.6 1.1 1.1 2.2 7.2 9.4 
111 onthly a1td annual precipitation (mm): 
Year I II III I V V VI YII VIII I X X XI XII Annual 
1960 •127 80 77 34 48 6 1 26 15 69 100 91 674 
1961 223 160 71 36 41 12 21 24 13 46 102 121 870 
1962 66 46 65 35 29 11 8 46 34 80 1/2 11 5 571 
1963 29 98 19 25 25 3 1 H 
1933-62, 
Mean 11 9 86 65 34 27 30 18 22 32 ;2 108 132 ';4ft 
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Appendix II. 
The composition of vegetation on Mandarte I land 
a. Shmbbery . - In addition to the most dominant shrubs, i.e. Symphoricarpus a/bus , 
Rosa sp. , H olodiscus disco/or and A melanchier florida, the wild gooseberry (Ribes divari-
catmn) and blackberry (Rubus ursim1s) are also fairly abundant. The bitter cherry (Prunus 
emarginata) is scattered throughout the shrubbery zone, branching oyer the lower shrubs 
at seyeral places, while the choke cherry (P. virginiana) and a j\fahonia species occur in 
a few isolated patches. 
Towards the SE end of the island the shrubbery has an extension. There the dominant 
shrubs are Saskatoon berry and 3 to 4 metres high willows (Salix sp.), mixed vdth wa.xberry 
and ocean spray, and the dense thicket is also heavily intervowen by Galium apari11e. This 
is the only part of the island where 3 specimens of Garry oak, each 5 to 6 m high, occur. 
\Villows dominate the underst ory at the extension of the shrubbery towards the 1\T'\\' 
end, where a group of taller trees are present, and are mixed with ocean spray, wa.xberry 
and 'did gooseberry shrubs. 
Associated with the shrubbery are dense growths of fireweed (Epi lobimn anguslifolium) . 
The ground along the shrubbery edge is covered by a mixture of various grasses and herbs 
that grow best in moist and shaded sites: 
Bromus rigidus 
Dactylis glomerata 
Festuca rubra 
Barbarea verna 
Claytonia perfoliata a11d sibirica 
Lathyrus nevadellSis 
b. Grasslands . - The three dominant grass species, i.e. Bromus cari1wtus, Hordwm 
murinum and Elymus vancot,vere1Jsis, occur in varying abundance throughout the grassland, 
depending on local soil conditions. Two other grasses, F eslttca dertcmensis and A ira 
caryophyllea, are restricted to well drained situa tions with thin soil layer, comprising less 
than 5 % of the total grassland area. 
are: 
The few herbaceous plants, relatively common at exposed sites around rock outcrops, 
Capsella bursa-pastoris 
Cerastiurn arvense 
Collinsia paryiflora 
Geranium molle 
Rumex acetosella 
Stella ria media 
A few members of the lily family are well represented throughout the grassland in the 
spring, wherever the thickness of the soil permits, i.e. Camassia quamasll and C. leichlli11ii, 
Erythronium oregonum and Fritillaria la·nceolata . 
AppendLx Ill. 
Zonation and compo ition of vegetation on mall r i land 
Arid, low grassland is very characteristic of the e i lands. The grass i usually dense 
15-30 cm high. Typical grasses and herbaceous plants are: 
Aira praecox 
Pestuca rubra 
Lnzula multiflora 
Achillea millefolium 
Camassia spp. 
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Cerastium arvense 
Plectritis congesta 
Rumex acetosella 
Selaginella wallacei 
\ "icia americana 
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The grassland is frequ ently interrupted by rock outcrops that are thickly co\·ered by 
mats of Polytrichum juniperinum, Dicranum bonjeanii, C/adonia and Sedum species. 
The following forms are typical of depressions and moist situations: 
Bromus rigidus 
E lymus vancouverensis 
Lonicera ciliosa 
Plectritis congesta 
Taraxacwn officinale 
cattered on the grasslands are single specimens of Douglas fir, Rocky Mountain 
juniper and stunted Carr y oak, and small, isolated patches of yarious shrubs. 
Appendix I 
Zonation and composition of vegetation on larger islands 
Closed forests are mainly of conifers, mixed with some deciduous trees (Carry oak, 
arbutus and willows). The forest edge, along clearings and beaches, is usually skirted by a 
narrow zone of scattered shru bs (Plate IX). Open forests are characterized by a sparse 
understory of various shrubs (Plate X ). Red-flowered current (Ribes sangttineum) is 
dominant, although ocean spray, dwarfed Carry oak and willows are also common. The 
foliage of shrubs is usually thin above the ground and is absent at the base. Associated 
with open woods are the following herbs: 
Arabis hirsuta 
Barbarea verna 
Castilleja hispida 
Fragaria sp. 
Lomatium nudicaule 
Lonicera ciliosa 
Sanicula crassicaulis 
~ hepherdia canadensis 
Grasslands in arid situations are similar to those on the smaller islands. A ira and 
Fes/uca species, P oa confinis and BromttS mol/is are typical , associated with LuZ1tla and 
Carex species. Grazing by sheep has caused some plants to disappear and damaged the 
maller hrubs on some islands. 
In moist situations the grassland is den e and high (3 0- 60 cm). with a characteristic 
mosaic pattern of various grasses and herbs: 
Bromus mollis 
Anthoxanthwn odoratum 
Dactylis glomerata 
Grindelia integrifolia 
Lotus denticulatus 
Plantago lanceolata 
Taraxacum officinale 
Yicia angustifolia 
Along sandy bars and in marshes the broom (C,-tisus scoparius) is a common shrub. 
A mmophila arwaria, Disticltlis spica/a, A bronia latifolia, R umex ace/osel/a, stunted Clay-
to Il ia species and Saliwmia ambigua are abundant grasses and herbs, and are nearly 
exclusive. 
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Appendix V. 
Arthropods consumed by song sparrows on M andarte I sland dtlring the breedi11g seaso11, 
as determined by observations1; their habi tat, season, abundance and importance as food items. 
Stage Relative Import-
Order & family Genus Habitat Season 
consumed abundance ance 
Dermaptera 
Forficulidae Forficula litter June-July adult +++ +-r 
H ymenoptera 
I chneumonidae ?? grassland May adult + 
Tenthredinidae ?? shrubbery Aprii-May larva ++ ++ 
Trichoptera ?? grassland May- June adult + + 
L epidoptera 
Tortricidae ?? shrubbery May- June larva +++ -'--
June-July adult +++ 
Geometridae ?? April-May larva +++ .. 
May-June adult +++ 
Phalaenidae ?? Aprii-May larva +++ ...!.. •• ' T-;-
May-June adult +++ -;-
D iptera 
Bibionidae Bibio grassland April-May adult +++ +++ 
Dilophus Aprii-May adult + ++ +++ 
Empididae Euthyneura May adult + 
:Muscidae Scopeuma May adult + + 
Tipulidae Tipula grassland- April-May larva +++ + 
shrubbery May-July adult +++ ++ 
Trichotipula April- May larva + + + + 
May- July adult +++ + 
Limoniini April-May larva ++ T 
H omoptera 
Aphididae ?? rose shrubs May-July adult ++ 
& grasses 
1 in addition various unid entified Coleoptera were consumed by song sparrows 
occasionally. 
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Appendix VI. 
List of breeding bird species in the study area 
a. .U andarte I stand: 
Double-crested cormorant 
Pelagic cormorant 
Glaucous-winged gull 
Black oystercatcher 
Pigeon guillemot 
Tufted puffin 
Crow 
Rufous hummingbird 
Red-winged blackbird 
Song sparrow 
(Phalacrocorax aurilus) 
(P. pelagicus) 
(Larus glaucescetls) 
(H aematopus bachmani) 
(Cepphus calumba) 
(Lunda cirrhata) 
(Corvus brachyrhynchos) 
(Selasphorus ruft,s) 
(Agelaius phoeniceus) 
(Melospiza melodia) 
cliffs 
• 
grasslands 
beaches 
cliffs 
• 
shrubbery 
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For a detailed account of the abundance and distribution of various sea-birds see 
DRENT & GUIGUET (1961) . 
b. Smaller islands : 
Rufous hummingbird 
Orange-crowned warbler 
\Vhite-crowned sparrow 
Song sparrow 
(Selaspllorus mfus) - shrubbery 
( Vermivora eel ala) 
(Zonotrichia leucophrys) 
(Melospiza melodia) 
The small Imrie I sland (less than 1 ha. ), because of the composition of its vegetation 
and avifauna, resembles Mandarte Island. The island is dominated by a colony of glaucous-
winged gulls, and pigeon guillemots and oystercatchers are also breeding along the cliffs 
and beaches. The small patch of shrubbery in the centre of the island is inhabited by 
crows, red-winged blackbirds and song Sfarrows. 
c. Larger islands: 
Species cliffs & marsh grass shrubbery forest beaches lands open closed open closed 
Anas platyrhynchos + 
Accipiter cooperii + + 
Buteo jamaicensis (+) 
Haliaeetus Jeucocephalus + + 
Dendragapus obscuras + + 
Lophortyx califomicus + + 
Phasianus colchicus + + + 
Columba fasciata + 
Selasphorus rufus + + + 
hlegaceryle alcyon + 
Colaptes cafer + + 
Dendrocopos villosus (+) (+) 
t pubescens (+) (+) 
Empidonax difficilis + + 
Tachycineta thalassina + + + 
Hirundo rustica + + + 
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cliffs & grass shrubbery forest Species beaches marsh lands open closed open closed 
Con ·us brachyrhynchos + + + 
Parus rufescens + T 
Sitta canadensis (+) (-) 
Troglodytes troglodytes + + 
Thryomanes bewickii + + + 
Turdus migratorius + + 
Hylocichla guttata (+) 
\"ireo huttoni (+) (+) 
solitarius (+) (+) 
\"ermivora celata + + + 
Dendroica petechia (+) (+) (+) 
Oporornis tolmei (-;-) (+) (+) 
Agelaius phoeniceus + + + 
E uphagus cyanocephalus (+) (+) (+ ) 
Carpodacus purpureus + 
Spinus tristis + + 
Pipilo erythrophthalmus + + + 
Passerculus sandwichensis + + + 
Junco oreganus + + ...!... 
Zonotrichia leucophrys + + 
:\felospiza melodia + ..!. ..!. 
Breeding species (27) 3 4 2 14 9 22 11 
, uspected breeders (•I 0) 0 2 3 7 
Appendix VII 
The history of a hierarchical group of young males 
The history of the hierarchy of young males described here was reconstructed from 
sight records and observations on behavioural interactions during the 1962 /63 season. 
The members of the group inhabited an approximately 150 m long section of the 
shrubbery at the NW end of the island, and two extensions of the shrubbery that spread 
towards the NE cliffs. 
The social status of eight young males within the group was determined with certainty: 
Alpha &&: l\1409 and l\1423, the former being more dominant than the latter; 
B eta &&: l\1424, l\1512, l\1528 and l\1543; 1\1424 was slightly ubordinate to other 
beta males; 
Gamma &&; l\1458 and l\1436, both being dominated by all males in the alpha and 
beta groups. 
Three additional males (M46 1, M5 '11 and ~15 32) left the group and disappeared from 
the population in September and early October 1962, before their social status within the 
group could be determined. 
M436 was driven out by other males during autumnal territorialism. He moved to the 
southern half of the island and stayed there in grassy areas, where he could est ablish a 
territory in the spring. During the nonterritorial winter period there were no further lo e 
to the group. 
Note: n ames used in this p aper are in accordance with those in 'The A.O. . Check-
list of North American Birds' , Fifth Edition, 1951 . 
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The other gamma m ale, M458, disappeared from the island during the first d ays of 
April, when spring territorialism was the most intense in 1963. Among the beta males, 
::'.1:424. and M512 could establish territories in marginal areas within the domicile of the 
hierarchy. 
In late February and £..1arch severe fights were observed among M4.0 9, l\14 23 and 
::'.1528 for the possession of a section of the shrubbery, where the number of perches was 
relatively high. By middle March M528 was forced outside the shrubbery zone, a lthough 
he stayed within the neighbouring grassland area as a floating male throughout the subse-
quent breeding season, retaining a subordinate position. 
Once the ownership of the territory had been decided between the two alpha males in 
the favour of JH4.0 9, ::'.1423 shifted ea. 50 metres along the shrubbery zone. There he success-
fully invadedthe territory of the beta M543 , established a few days earlier in late l\Ia rch . 
However, :M51,3 remained in the same area, and once the more dominant ?11423 had obtained 
a mate and the pair commenced breeding he could gain a small section of the shrubbery. 
Two additional males, M408 and l\14 37, that wintered on other islands and returned 
to l\fandarte in late 1\!arch attempted to establish themseh·es within the area of the 
presently described group. However, they were driven out by April, and disappeared from 
the population. 
Appendix VIII. 
The calculation of survival rates 
The method of expressing survival is the same as that given by CHITTY & CHITTY 
('1962) and EWSON & CHITTY (1962). For each interval of time between population 
counts we know the number of marked birds recorded at the start and the minimum 
number of this sample alive at the end. From these figures (Table 23) we calculat e the 
minimum survival factors (P ; ), and knowing the length of the time interval (w) (Table 24) 
express each factor as a ra te (P*). per unit of 28 days (Table 25). 
Periods of exceptionally poor survival during the annual cycle are thus easily detected, 
and apparent differences between the survival of young and adults are tested for statistical 
significance by means of chi-square tests (Table 18, 19) . 
TABLE 23. Nmnbe1' of birds alive at the end of intervals over the number actually 
seen at the beginning. 
Adults l\!ay Aug Nov Febr May 
1960/61 54/55 36/43 20/31 20/26 
1961 /62 80/86 73/80 62 /67 30/58 
1962/63 94/104 50/54 78/ 79 81/85 
Young :May Aug rov Febr ~!ay 
1960/61 32/ 70 12 /31 12/13 
1961/62 98/160 51/7 4. 37/61 
196 2/63 39/78 38/41 39/46 
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TABLE 24. Time intervals (w) between main censuses that were ttSed i11 the calculation of 
survival rates, based on 28 days "nit periods. 
1960/61 
196'1 /62 
1962/63 
May w 
3.61 
3.79 
3.75 
Aug w 
2.89 
3.36 
2.86 
Nov w Febr w May 
3.21 3.14 
3.46 2.46 
3.71 2.75 
TABLE 25. Minimum survival factors (P7 ) of s011g spaYrows between censuses, a·nd minimum 
survivalmtes (P*) faY 28 days unit periods. 
Pi' P* Adults May Aug Nov Febr May May Aug Nov Febr May 
1960/61 0.9800 0.8372 0.6452 0.7692 0.994 0.040 0.872 0.920 
196'1 /62 0.9302 0.9125 0.0254 0.5172 0.981 0.973 0.978 0.765 
1962/63 0.9038 0.9259 0.9873 0.9529 0.973 0.973 0.997 0.983 
Young Pi' p• 
1960/ 61 0.4571 0.3871 0.9231 0.763 0.744 0.979 
1961 /62 0.6125 0. 7703 0.6065 0. 64 0.941 0. 16 
1962/63 0.5000 0.9268 0.6478 0.785 0.980 0.942 
Although these figures are minimum survival rates they are reasonably close to the 
true survival rates because of (1) the relatively high proportion of birds seen e>ery time 
between the initial capture and final disappearance, and (2) the generally high surrival 
rate, which increases the chances that a bird missed at one census ";11 still be alh-e and 
observed at the next. 
The trt4e survival of adults could be calculated for the whole population for two seasons 
only (1961 /62 and 1962 /63) when the proportion of marked individuals was high; these 
figures are compared with the values calculated for the respective seasons from the mini-
mum survival factors (Table 26). The true survival rate of the 55 marked adults in the 
1960 population through the next breeding season was 0.525, while the calculated minimum 
survival rate was 0.407. 
TABLE 26. The true and minimum wrvival rates of adult s011g sparrows throughout the 
antn1al cycle in two seasons. 
N (May to May) 
True survival 
Minimum survival 
101 
1961 /62 
0.455 
0.406 
46 113 
0. 14 
0.7 7 
K t 
92 
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PI..\TE I. Ae ri al photograph of Mandarte I sl and ; in the background lies Sido ey 
Island; H a li but I sland is situated on the left. A sectio n of Ya ncoll\·er I sland 
ca n be s c<'n a long t he horizone. The picture was t a ken a t high tide. 
PL.\TE II. \\"axbcrry hrubs in Februa ry on :\Iaodarte I sland, . howing the 
exposed ground underneath . 
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PLATE III. Bitter cherry s t anding abo \·e mixed \Yaxberry and ro e shrubs; 
they sen·e as singing and perching posts for song sparrows. 
PL.\TE J\' . Grassy plateau a long the eleYated 
extension of the hrubbery zone in the middle; a breeding colony of cormo-
rants is shown on the right, while gu lls nest throughout the !!Ta land. 
The dominant gra s is the Bromu . 
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PLATE \ ' . Grassland , domin a t ed by Elymus , on t he :\"E s ide of ::\!andarte, 
interrupted by rock outcrops. 
PL.\TE \"I. Di persed shru bs throughout a rid grassland on Dock Is land ; 
note the re!a ti\·e lack of concealing ,-eget at ion at t he base of shru bs. 
71. 
72 F ran/1 5. T om /Ht: F actors d et ermining t he numbers of song sparrows 
P L.\TE \'II. 'Closer\ shru bbery edge', p referred n est ing ha bita t of song sparrows 
on i\Ianda rt e I sl and . 
Pr .. \TE \ ' III. T erritoria l figh t in song spa rrows; you ng int ruder (righ t ) 
tries to occupy a perching post on the t erritory of t he defender (left). 
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PLATE IX. Closed mixed-\\-ood forest on Sidney Island 
with scattered shru hs a long the edge . 
PL.\TE X . Open forest on Halibut Island with understory of \·arious shrubs. 
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